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(57) Abstract 

A dosed system, spikeless, positive-flow valve device includes a body 
defining an internal cavity. At the proximal end of the body is an opening 
which is preferably sufficiently large to receive an ANSI standard tip of a 
medical implement The valve includes a plastic, resilient silicon sea) which 
fills the upper cavity and opening with an oval seal cap having a slit Tht 
opening presses the oval seal cap to keep the slit closed in the decompressed 
state. The slit opens as the nose of the medical implement compresses the 
seal into the cavity and the seal cap is free from the opening. The housing 
also includes a fluid space which facilitates fluid flow between the medical 
implement and a catheter tip. The fluid space within the valve automatically 
and reversibiy increases upon insertion of the medical implement into the 
cavity and decrease* upon withdrawal of the medical implement, such that a 
positive flow from the valve toward the catheter tip is effected upon wirhdrawal 
of the medical implement thereby preventing a flow of blood from a patient 
into the catheter when<mernedical implement is removed from the varve. 



BEST AVAILABLE COPY 




FOR TUB PURPOSES OP INFORMATION ONLY 



Codes used to identify Stales party to the PCT^n the front pages of .pamphlets publishing in^inational^ thePCT. 



AL 


' Albania 


ES 


Spain 


JLS 


Lesotho 


S3 


Slovenia 


AM 


Armenia 


PI 


Roland 


LT 


Lithuania 


SK 


Slovakia 


AT 


Austria 


FR 


France . 


LU 


Luxembourg 


SN 


Senegal 


AU 


Australia 


GA 


- Gabon 


LV 


Latvia 


sz 


Swaziland 


AZ 


Azerbaijan 


GB 


United Kingdom 


MC 


Monaco 


TD 


Chad 


BA 


Bosnia and Herzegovina 


GE 


Georgia 


MD 


Rep^EcpfMoWova 


TG 


Togo 


BB 




CH 


Ghana 


MG 


Madagascar 


TJ 


Tapkstcn 


BB 


Belgium 


GN 


Crimea 


MK 


Tbe former Yugoslav 


TM 




BF 


Burkina Faso 


GR 


Greece 




Republic of Macedonia 


TR 


Torkey 


BG 


Bulgwia 


HI) 


Hungary 


ML 


Mali 


TT 


Trinidad and Tobago 


BJ 


Benin 




Ireland 


MN 


Mongolia 


UA 


Ukraine 


BR 


Brazil 


lit. 


Israel 


MR 


;UG 


Uganda 


BY 




IS 


. fodaao* 


MW 


Malawi 


US 


United States of America 


CA 


Canada 


IT 


my 


MX 


Meaco 


TO 


Uzbekistan 


CF 


Genual African Republic 


iP 


Japan 


KB 


Niger 


VN 


Ytel Nam 


CC 


Congo 


KB 


Kenya * 


NL 




YU 


Ynfosbvh 


CH 


Switzerland 


kc 


Kyrgyzstaa 


NO 


'Norway 


zvt 


Zanoaowe 


CJ 


Cote dH voire 


KP 


Democratic People's 


NZ 


New Zealand 






CM 


Cameroon 




Republic of Korea 


PL 


Poland 






CN 


China 


KR 


.Republic of Korea 


FT 


Portugal 






OJ 


■Cuba 


KZ 


Kaxnksiin 


BO 


'Romania 






CZ 


Czech Republic 


LC 


Saira Lucia 


RU 


Russian Federation 






DK 


Germany 


U 


Liechtenstein 


SD 


-Sudan 






OK 


: Denmark 


LK 


Sri Lanka 


SB 


Sweden 






EE 


Estonia 


LR 


Liberia 


SC 


Singapore 







W098/26835 PCT/OS97/23258 

POSITIVE FLOW VALVE 

1 Field of the Invention 

This invention relates generaBy to a medical valve, and in particular to a positive flow vahre which, when 
connected between o medical implement and a CBtheter i o f acifitate fluid flow therethrough, induces a positive flow 
of fluid through a tip of the catheter from the valve upon^sconnection of the medical implement, thereby e&ninating 
the problem of blood-clogging or clotting in the catheter. 

Background of the Invention 
lie manipulation of fluids f or parenteral administration h hospitals and medical settings routinely involves 
the use of connectors, and valves for f aerating the movement of 1 tuids between two points, fluid connectofsand 
valves typically employ neetBes or luers to pierce a septum or seal covering sterle tubing or to pierce a septum or 
seal of a medicament container of fluid. Fluid then passes from the container or fhiftMIIed tubing into a syringe or 
second set of tubing. Since the ready passage of fluids through the connectors and valves is of ten critical to patient 
survival, -it is imperative that the connectors and valves function reliably and repeatedly. Connectors and valves that 
malfunction during use may be life-threatening. 

Many connectors or valves, esperially those employing several mechankal components have <a relatively 
High volume of fluid space within them. There is potential for the creation ef a "dead space* (Le. an increase in 
the .fluid containment area which wiB cause fluid within the .patient to oe drawn therein) m the fluid space during 
removal or disconnection of the tubing or other medical implements such as conduits, syringes, fif sets (both 
peripheral and central Jines), ipiggyback fines, and :stm3ar components which can ibe used in connection with a medical 
valve. Withdrawal of the medical implement creates a suction iorce which draws fluid bactc toward the valve in a 
phenomenon known as "backWash" This is particularly troublesome m the case where the vahre is connected 
through a catheter to a patient A suction force is generated by the withdrawal of the medical implement which 
draws olood from the patient into the catheter. This blood clot and clog the catheter near its tip, rendering it 
inoperable, and may even result in a clot of blood m the patient, which may prove fatal. Attempts to avoid 
backf lash by coating the inner surface of the catheter near its tip in order to prevent blood from sticking to the 
interior surfaces of the catheter and clogging it have mi been successful 

The risk of blood clogging of the catheter is significantly heightened where the inner diameter of- the 
catheter is small leg., 27 gaiige). These small tatheters have the advantage, however, that they reduce the trauma 
and discomfort caused by insertion into a patient. Because these catheters have a very small passage therethrough, 
even a *mafl suction force may draw sufficient amount of itluid back through a catheter toward the vahre to 
introduce Wood into the catheter tip, Which blood may clog the catheter's passage. This back flow is 'hereinafter 
referred to as a tnegath/e flow. Figure 1 shows an example of a catheter 50 having a small oortion near the tip 52 
that is inserted into the patient, and a valve 54 connected between ore end of the catheter and a medical implement 
56. The problem associated with the creation of 'dead space" or a drawing of fluid from the catheter towards the 
valve is illustrated by this figure. As illustrated therein, when the tip or nose of the medical implement 56 k 
withdrawn from the valve 54, the space previously occupied fry the implement 56 becomes "dead space." This 
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newly created space has a fewer pressure than the fluid within the valve, catheter and patient, such that fluid is 
drawn into that space, and thus travels from the patient in the direction of the dead space. To avoid blood from 
being drawn into the catheter, a iero flow or a positive flow, defined as How or fluid displacement directed from 
the valve through the catheter <tip to the patient, must ho effected at the time the me dical implement ;is withdrawn 
For a sufficient margin of safety, a positive flow toward the patient is desirable. 

To avoid negative flow orbackf lash, healthcare workers presently practice the method of disconnecting the 
valve and simultaneously transferring fluid through the catheter by manipulating the medical implement to induce 
positive flow. This ^method is clumsy and difficult and may result in an inaccurate transfer of medicament. 

One way to induce a positive flow in the catheter 4s fflustrated in Figures 2a and 2b. Here, the proximal 
end of a valve 180 is enclosed with a stylet or msplacer 1 B2 upon withdrawal sof the meditarimplement (not shown). 
An elongated portion 184 of the stylet 182 takes up at least a portion of the fluid space, thereby reducing the 
volume of the fluid space, and ; fnay eliminate the dead space therein. The elongated portion 184, however, must 
be sufficiently long to displace more fluid than that volume of fluid which may be drawn from the catheter towards 
the valve by the withdrawal of the implement, and hence may be difficult to construct for proper performance. The 
use of the stylet 1 82 further requires an additional step that may be overlooked by the nurse and the stylet 182 
may be misplaced or lost. In addition, this specific type of valve 180 has many significant drawbacks, among them 
the fact that it does not have a seal with a swabbable surface that can be swabbed after each use for sterffity. 

Summary of the Invention 

Id accordance with the present invention there is provided a positive flow valve which is advantageously 
utilized between a catheter and another medical implement, and with which the flow of a fluid between the 
implement and catheter (and a patient within which the catheter is employed). The valve of this invention has 
several features, no single one of which is solely responsible for .its desirable attributes. 

In general the positive flow valve of the present invention has the attributes of safety, positive f tow for 
eliminating dead space, reliable and repeatabie performance, simpfichy of manufacture and use, a seal for use in 
establishing fluid flow which need >not be pierced with a sharp spike or cannula, suitability of high pressure 
applications, and employment of a valve that is swabbable after use to provide sterfty and ;has a fluid-tight seal 
at high pressure. 

the present invention is a swabbable. needleless, positive flow valve that has a fluid space which 
automatically expands upon insertion of a medical implement and contracts upon withdrawal of the medical 
implement. When the valve. is connected to a catheter, it induces a positive f to w from the valve to the catheter tip 
upon disconnection of the medical implement to avoid the potential problems «f biood-ctogging. After use, the valve 
is swabbed in the conventional manner with a suitable substance to maintain sterility. The design of the valve 
avoids accidental needle or spike sticks. The valve is particularly suited for applications whb a catheter where it 
is desirable to avoid backf lash, chut may be used for other epplica tions as = wefl. 

.Preferably, the valve includes a housing having a first end adapted for receiving one end of meifical 
implement, and having a second end in communication with a catheter. The valve includes <means for establishing 
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a fluid flow path through the bousing and between the medical implement and the catheter, and which is also useful 
in occluding the flow patn through the housing and thereby preventing fluid flow between the medical Element and 
catheter. 

Preferably, this means comprises a seal movabV positioned within the ^housing. The seal has a passage 
therethrough which defines, in at least one area, a fluid containment area. The seal has a firs! end adapted fpr 
engagement by the medical implement, fa a first positron, the passage through the seal is closed at its first end, 
and B) a second position, when the medical implement ut^ed to .press the seal distaDy witbm the housing of the 
valve, brassage through the valve is opened. 

Most importantly, when the medical implement « utifired to press the.seal ifistally and establish fluid flow 
therethrough, the fluid containment area therein increases in total volume, thereby retaining a [fluid volume therein. 
When the medical implement Is retracted from the valve, the serf returns to its position wherein the passage h 
closed at the proximal end thereof, and the volume =of the fluid containment area is .reduced. This reduction m f hrid 
containment volume results in a volume of fluid being forced towards the catheter (Le. a positive flow is estab&hed). 

i Brief Description rof the Orawrnns ' 

The preferred embodiments of this invention, illustrating aH its features, wfl! now be discussed in detai 
These embodiments depict the novel and jmnobvious>metbod and valve of this invention shown m the eccompanymg 
drawings, which are for ilustrative purposes only. The drawings include the f ©Bowing figures, with like numerals 
indicating like parts: 

Figure 1 is a schematic cross sectional view of a valve forming a fluid connection between a syringe and 
a. catheter. 

figures 2a and 2b Hustrate a prior art valve which includes a stylet having an elongated portion after use 
to induce a positive flow. 

figure 3. is a schematic cross^sectional view of s raller^Jamp valve which may be manually activated to 
induce a positive flow through a catheter tip from the vahre. 

figure 4 is a tongituifina! cross-sectional view *f *he firit embodiment of the positive-flow vahre of this 
invention before compressing ;the seaL 

Figure 5 is a tongitornaUross sectional view similar to Figure 4 showing the valve during compression of 

the seal 

Figure 6 is a longitudinal cross-sectional view of the second embodiment of the posfthroftow valve of this 
invention before compressing the seaL 

figure 7 is* longitudinal cross-sectmnal view siniflar to figure B showing the valve during compression of 

the seaL 

. Figure 8 is a fongitudmal cross^sectional view of the third embodiment of the poshiv*flow valve of this 
invention before compressing the seal 

Figure 9 is a longitudinal cross*ectionai view similar to figure 8 showing the vahre during compression of 

the seat 



WO 98/26835 PCT/US97/23258 

i 

Egure 10 is a Jongitudma) cross-sectional view of the fourth embodiment of the positive-flow valve of this 
invention before compressing the seaL 

Figure 1 1 is a longitudinal cross-sectional view similar to Figure 1.0 showing the valve during compression 
of the seal 

Figure 12 is a longhutfaal cross- sectional view of the fifth embodiment of the positive-flow valve of this 
invention before compressing the seaL 

Figure 13 is a longitudinal cross-sectional view simitar to Figure 12 showing the valve during compression 
oftheseaL 

•figure 14 is a longitudinal aoss-sectional view of the sixth embodiment of the positive-flow valve of this 
invention hefore compressing the seaL 

Figure 15 is a longitudinal cross-sectional view similar to figure 1 4 showing the valve during compression 
oftheseaL 

Figure 16 is a longitudinal cross-sectional view of the sevemhtemto^ 
invention before compressing the seal 

figure 17 is a longitudinal cross sectional view similar to Figure 16 showing the valve during compression 
of the seal 

Figure M& a longftudmal crosstSectional view of the eighth embodiment of the positive-flbw valve of *his 
invention before compressing the seaL 

Figure 19 is a longitudinal pross?sectional view similar to Figure 18 stowing the valve during compression 
of the seal 

Figure 20 is a longitudinal cross sectional view of the ninth embodiment of the positive-flow varve of Jhis 
invention before compressing the seal 

Figure 21 is a longitudmal cross-sectional view simBar to Rgure 20 showing the valve during ccrnpressron 
of the seal 

Figure 22 Is a longitudinal trpss-sectional v«w of the tenth embodiment of the positiv*flow valve of this 
invention before compressing the seal 

Figure 23 its a longitudinal cross-sectional view similar to figure 22 showing the valve during compression 
of the seaL 

Figure 24 is a tongitudinal cross-sectional view of the eleventh embodiment of the positive* flow valve of 
this mention iiefcre compressing the seal ... 

Figure 25 is a lorigitudmaLtrosstsectional view similar to Figure 24 showing ^he valve .during compression 
of the seaL 

Figure 28 is a longitudinal crosvsectional view of the twelfth embodiment of the ppshive-fJow varve of this 
invention before compressing the seal 

Figure 27 is a fdngitudinalcrossrsectionalvjew sim3ar to Figure 26 showing the vabe tJuringicompression 
of the seaL 
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Figure 28 is a longitudinal cross-sectional view of the thirteenth embodiment of the positivetf tow valve of 
this invention bef ore compressing the seal 

figure 29 is a longhuoHial cross-sectional view similar to figure 28 showing trie valve during ;compressmn 
of the seal. 

Rgure 30 is a longitudinal trosssectionaf v»w of the fourteenth embodiment of the positive-flow .valve of 
this invention before compressing the seal 

Rgure 31 is . a longitudinahcross^sectional view similar to Figure 30 showing the valve during compression 
of the seal 

Figure 32 is a longitudinal cros*sectbnal view «f an alternative seal with a side wal formed with circular 

tires. 

Delated Oescriotjon of the Preferred Embodiments 

The Appficanl has recognized that a roller clamp may be used to induce a positive flow m a medical valve. 
The use (of a roOer clamp in a medical vatve 390 to create a. positive ftowtipon disconnection of a medical^ 
Inot shown) is illustrated in figure 3. The roller-clamp valve 190 is activated manuaiy by sliding an external switch 
192 to push a roller 194 against tubing 196 whicn connects a medical implement 198 and a catheter (not shown) 
to cause a positive pressure t^ catheter tip {not shown). The flow 

through the tubing 196 can be opened ;by stidng the switch 192 in the reverse direction. 

This valve 190, however, has Ihe isame disadvantaged requarmg an additional step of operation as iioes 
the valve with s stylet illustrated In figures 2a and 2b, ana" also does not include a seal having -a swabbable surface* 
furthermore, the size of the totter 194 mm %e sal f ictentty large to induce a ^displacement of fluid within the tune 
which is greater than the amount of fluid which may be drawn by the vacuum force (so as to generate a positive 
flow). Which may require a bulky vah/e *hat is bard to operate. 
First Embodiment 

figures 4 and 5 tfhistrate a first embodiment of a valve 210 in accordance with the present invention. In 
genera), this valve 2T0 includes a valve tody or hausinp, 212. ;a support member 214, a seal 21$ defining -an Diner 
cavity 218, a pair of dam shells 220a and 220b, and a spring 222. Ibese components are assembled, as depkted 
in Figure 4, without -the .need for a spike element. The inner cavity 21 8 forms an expandable i bid space inside the 
valve 210. As idistussed below, the clarh shells 22Qa7220b are constructed to cause the volume of the fluid space 
*o expand or increase upon insertion of a medical implement and t o contract or decrease upon withdrawal of the 
medical impJanent 

The *body or housing 21 2 has an tipper conduit 226 hear a ^proximal end 228, desirably with a circular 
opening 230 that is adapted to receive the medical impfement. A side wall portion 232 is preferably tapered to 
cooperate with the clam shells 220af220b. The body 212 has an upper ledge 234 formed between the prowmal 
end 228 and the side wall portion 232. There is desirably a threaded portion on the housing 212 adjacent the 
circular opening 230 in the top of the upper conduit 226, as best sera iii Ftgnre 4. Note that "proximal" is useif 
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to denote the end of the valve 210 and other components at or near the body opening 230, while "distaP is used 
to denote toe opposite ehd of the valve. 

In the firsi embodiment, the upper conduit 226 is adapted to receive the tip or nose 236 /of >an ANSI 
standard syringe 238, as shown in phantom in figure 5, it .is, however, contemplated that the outer diameter of 
the upper conduit 226 can be of any size to accommodate the attachment of other connector devices thereto. 
Advantapeously, the proximal end of the opper conduit 226 can be equipped with a locking mechanism to facilitate 
locking of the valve 210 to a variety of corrector devices, for example, referring to %ui:e 4. the threaded portion 
of the housing 2 12 are preferably provided such that the bousing 212 can be loclced into any compatfele Luer4ock 
device known to those with skiB in the art The housing 212 of the first embodiment according to this invention 
indudes conventional luer-Lock threads 240 on the outer diameter of the upper conduit 226. 

The support member 214 ihas at its distal end the inner conduit 242 which may be connected to a termfoa) 
end of a catheter foot shown), the support member 214 serves as a support and attachment device lor the seal 
21:6 by holding the seal 216 in place inside the internal cavity 244 of the housing 211 The inner conduit 242 and 
inner cavity 218 of the seal 216 present a continuous passageway for fluid during use. 

. The seal 216 is prepared from a resilient material 1hat is flexible, inert, and impermeable to fluid, such as 
silicon. The seal 216 has a seal cap 248 with a generally flat top surface 250, a shoulder 252, a side wafl 254, 
and a base 256. The side wall 254 advantageously is comprised of waD portions 258 which deform m an accordion- 
like fashion and assist in the refonpatipn of the seal 2J6 to close the hrosirig opening 230 upon withdrawal of the 
syringe 238. During compression of the seal 216, the waB portions 258 expand outwardly in the radial direction. 
Themteribrof the seal 216 is hollow ^provide the inner t avity 218, as best seen in Figure 4. There sre preferably 
;gaps between the wall portions 258 which f acState deformation and reformation of the seal 216. The shoulder 252 
engages the upper Jedge 234 provided in the upper conduit 226 of the housing 212 such that the upper 4edoe234 
confines the movement of the shoulder 252 toward the opening 230 to prevent the seal 216 from being blown 
through the opening 230 under high pressure in the inner cavity 218 of the seal 216. 

Tfce sea] cap 248 reseals the valve 210 at the opening 230, with the top surface 250 of the seal 216 
approximately f lush with or slightly above or below the opening 230 upon removal of the medical implement 238. 
Preferably, the seal cap 248 substantially fHls the opening 230 m the top of the upper conduit 228. After assembly, 
the top surface 250 <of th& seal cap 248 is essentially f tosh with the openhg 230, so that -the seal cap 248 ic an 
he swabbed with alcohol or other rJsmfeetant without leakage of the disinf ectant into the valve 21 0. Therefore, 
it & preferable that the top surface 250 be exposed so that it may be swabbed with a disinfectant. 

To provide ;a ifluid-tight. seal at the opening 230 and to ehmioate the need for a spfte element to induce 
fluid flow upon insertion of a medical implement, the seal cap 24:8 has a unique shapeand includes a, precut slit 259, 
also having a unique shape, the seal cap 248 desirably has an oval or elfiptical shape with a .major axis having a 
length larger than the inner diameter of the (areolar opening 230 such that the oval seal cap 248 substantially fiDs 
the opening 230 in the top of ^the tipper conduit 226 m the decompressed state. The precut slit 259 in the seal 
cap 248 is squeezed shut by the circular opening 230 in the decompressed state, as seen in Figure 4. In its resting 
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State, the precut s§t 259 is open. Dujmg compression of the seal 216 by insertion of a medical implement such 
as the syringe 238, as *7festrated in Figure 5, the precut sft 259 returns to its resting state and >apens, as the sea! 
tap 248 is allowed to stretch in the ^portion of the upper conduit 226 which has a larger inner diameter. Fluid h 
thus allowed to pass through the slit 259. Note that the terms -compressed state" and "decompressed-state" are 
used convenient^ to refer to compression and decompression of the seal 216 by insertion and withdrawal of the 
medical implement 238 along the \ ongitudinal axis of the seal 2 16. The terms do not selate to tha radial compression 
of the seal cap 248 by the opening 230 4f the housing 211 

To further assist in creating a Amdahl seal in the decompressed state, the seal 216 of Figure 4 
advantageously includes the enlarged, internal, pressure responsive member 260 which is integral with the seal cap 
248. The pressure responsive member 260 enables the valve 210 to maintain a fhmMipjit seal aven at very high 
pressures sometimes experiencedih ^radical appBcations, particulariy when the valve 210 is connected* to a patient's 
artery. 

As shown in Figures 4 and 5, the clam sheds 220a/220b are desirably identical pieces disposed opposite 
one another symmetrically inside the valve body 21 2. They are preferably made of a firm material such as a hard 
plastic. The external surface 264a/264b of each dam shell 220p/220b is tapered to cooperate with the tapered 
side wail portion 232 of the housing 212, and is configured to slide along the side wall .portion 232 during 
compression and decompression. The internal surf aces 266a/266b of the clam shells 220ai220b cooperate with one 
another to squeeze a portion of the seal safe waH 254, preferably adjacent the shoulder 252, to form a constricted 
portion 267 af the seal 216. The proximal ends 268a|268b of the clam shells 220aJ220b engage the shoulder 252 
of the seal 216 to facilitate movement *f the clam shells 220a/22Db with the ^compression of the seal 216. The 
internal surfaces 266a/266b preferably are shaped to cause the constricted portion 267 to be substantially circular. 
In this embodiment, $ach internal surf ace 266a/266b has a semicircular, longitudinal groove that squeezes the seal 
216. 

The spring 222 is disposed between the distal ends of the clam shells 220a/220b and the base 256 of the 
seal 216, but desirably a hard retaming disk 270 is ^provided adjacent the base 256 of the seal 216 to provide better 
support for the spring 222 and the seal 216. In the decompressed state shown in Fgure 4, the spring 222 may 
be relaxed m be in slight compression to exert a force on the seal 2 16 through the dam shells 220a/220b to keep 
the seal 216 closed, during insertion of the syringe 238, the spring 222 is compressed and stores potential energy 
from the compression, as illustrated in Figure 5. Upon withdrawal of the syringe 23B, the spring 222 releases the 
potential energy and pushes the clam sheDs 220a?220b;proximally to close the seal 216, as shown in figure 4. Hie 
spring 222 is preferably not attached or bonded to aimer the dam sheJs 220a/220b or the retaining disk 270 far 
ease of assembly. Although Figures 4-5 show a hefeai spring .222, any suitable spring known to those of skB in 
the art may be used. 

The seal 216 is desirably relaxed longitudinafly ;in the decompressed state Figure 4), and compressed 
longitudinally m the compressed state :(Fmure 5J. Alternatively, the seal 216 may be stretched longitudinally in 
tension by the spring 222 in the decompressed state and be relaxed or sOghth/ compressed romjitudmal in the 
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compressed state. The base 256 of the seal 216 advantageously fits snugly and securely into a annular groove 274 
provided in the retaining disk 270 and an annular groove 276 provided in the support imemher 21 4. The annular 
grooves 274,276 form a ipddng mechanism to support and secure the seal 216 within the cavity 244 of theftDusing 
212. 

To fflustrate valve activation. Figure 5 shows the compressed state of the valve 210 upon insertion of the 
syringe 238. A medical implement other than a syringe as known to those of stH! In the art may he use! The nose 
236 of the -syringe 238 is placed on the seal cap 248 inside *he opening .230 of the housing 211 The application 
of pressure on the syringe 238 creates pressure on the seal cap 248, and the resulting downward pressure 
compresses the seal 216. This pushes the seal cap 248 away from the circular opening 238 and toward theiower 
portion of the housing cavity 244 which has a larger inner diameter, thereby allowing the precut sRt 259 to open. 
The downward movement is facilitated by the compression of the spring 222 which stores the potential energy of 
compression and by the gaps between the wall portions 258 of the side wall 254 of the seal 216. Fluid b now 
able to flow intn the syringe 238. or vice versa, depending on whether fluid is to be withdrawn from the patient 
or medication injected into the patient. Figure 5 shows the valve 210 opened hy insertion of the nose 236 of the 
syringe 238 into the opening 230. for intravenous appfoations, the valve 210 can *e oriented in the position 
diagramed in Figures 4 and 5, or it can be rotated 180* such that fluid flows in the opposite direction. 

In the compressed state shown in Figure 5, the inner cavity 218 jof the seal 216 generally contracts 
(becomes shorter) as compared to the decompressed state shown in figure 4. The corjstricted portion 267 of the 
inner cavity 218, defined by the clam shells 220aC20b, however, expands (becomes largerj in vtilume when the seal 
216 is in the compressed state. This results from a movement of the dam shefls 220a/220b apart from one another 
as they slide along the tapered side wall 232 of the housing 212. The amount of general contraction of the seal 
216 in relation to the amount of expansion of the constricted portion 267 during compression determine whether 
the valve 210 generates a positive, negative, or zero flow upon decompression, as discussed below. 

Opdn removal of the syringe 238 from the upper conduit 226, as shown in Figure 4, the seal 216 "is .free . 
to move toward its decompressed state, and the dam shells 220a/220b are poshed proxboBlry toward the opening 
230. The movement causes a general expansion of the inner cavity 218 the cavity increases in length), hut 
causes a contraction fte.. reduction in size) of the volume of the constricted portion 267 of the seal 216. tf the 
volume change associated with the contraction of the constricted portion 267 eguais the volume change associated 
with the expansion of the inner cavity 2T8, the fluid space or inner cavity w81 have zero ffow. If the increase in 
volume associated with the expansion of the «mer cavity 218 is greater than the reduction in volume associated with 
the contraction of. the constricted portion 267, there wifl be a net gain in fluid space, muhing in an undesirable 
negative flow toward the valve.21D through, e.g^ a catheter tip {not shown). If the reduction m volume associated 
with the contraction nf the constricted portion '267 is greater than the increase in volume associated with the 
expansions the inner cavity 218, sherewifl he a desirable positive flow torn the valve 210 througb the cathetBr 
tip (not shown). Thus, for the valve 210 to be a posithre-flow valve requires that the dam shefls be configured to 
allow greater expansion of the constricted portion 267 (Le., an increase in fluid vohime in that area of the seal 216) 
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than the generalxontraction volume change associated with the expansion of the inner cavity 218 of the seal 216 
upon compression and, bince, greater contraction fi*, decrease m fluid volume wfthm that area of the seal) of the 
constricted portion 267 than the ^general expansion (Le^. increased fluid volume m that area of the seal) af the seal 
216 <upon decompression. In other words, for the valve 210 to induce positive flow opon tfsconnection of the 
medical implement 238 therefrom, the total fluid volume within the valve 210 must decrease , fa the instant case, 
this decrease in ibid volume is effectuated by causing the fluid volume within the seal to decrease as between its 
compressed (when syringe attached) and uncompressed (when -syringe detached) states. This reductions decrease 
in available fluid volume within the valve 210 causes fluid to flow towards the cetheterfoatfent, preventing Wood 
from being drawn into the catheter. 

That the valve 210 is advantageously configured to be a positive-flow valve 210 eliminates any dead space 
during decompression of the seal 210 as the syringe238 is withdrawn, as, iterated m figure 4. Furthermore, as 
the syringe 238 is withdrawn, the slit 259 .remains op en untS the very end, Lju untfl the seal sap 248 js squeezed 
by the circular opening 230 at the top of ihe upper conduit 226. this further assists in eliminating dead space and 
avoiding backf lash. This feature is particularly advantageous m the case where .the valve 210 is connected through 
a catheter to a patient, because it prevents blood from being drawn into the catheter and clogging it. This invention 
therefore eliminates a significant risk by solving the:prdblem of backflash. 

As the seal 216 is free to move to its decompressed state, it essentially fills the opening 230. The ability 
of the seal 216 to return to its original shape and be deformed in Its decompressed state b determroed by the 
resiliency of the material used to prepare the seal 216. Advantageously, the ebBity of the seal 216 to return to its 
decompressed state is f aeffitated by the spring 222 and the flaps between the wall portions 258 of the seal 216. 
The ability of the seal 216 to deform reversibly' and return to its decompressed state is particularly useful beceuse 
11) it immediately stops fluid flow through the valve 210, and 12) it maintains sterility of the valve. 

The ability of the seal 216 to return reversibly to its decompressed state permits reuse of the valve 210. 
Following disconnection, and before reuse, the surface 250 of the seal cap 248 is essentially flush with the opening 
230 of the housing 21Z Thus, this flush surf ace 250 can advantageously be sterifired with alcohol or other surf ace- 
decontaminating substances. The support member 214 and body 21 2 advantageously shield both connections from 
the surrounding environment to protect the sterility of the connection. 

A cover cap (not shown) can be supplied to fit over the upper conduit 226 as former protection for the 
surface 250 of the seal cap 248 when not in ose. Such a cover cap, however, h not needed to maintain sterity 
since the seal 216 May he swabbed whh a disinfectant before and/or after each use. Reversfbolty at the seal 216 
makes the valve Zm particularly attractive as a connector valve to provide fluid commonicatiph between twolkiid 
lines. Therefore, the present invention provides for placing a first fluid fine in communication with a second fluid 
ine using the valve 210 disclosed herein. The reversfeiOty of the valve 210 permits muitipte fluid fines to be 
successively added, lor example, to a f bid line in direct communication with a patient's vein. Since the valve 210 
;is easify sterilized and seatable, fluid lines can be added and removed without disconnecting venous contact of the 
catheter. 
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The valve body 212 and support member 214 are preferably prepared from a hard aplastic, but h is 
additionally contemplated that the valve 21 0 could he prepared from other meificaOy Inert materials known to those 
skilled in the art Another feature of this invention is that it relies neither on a needle nor on a spike in order to 
ertabfish itoid flow through the valve. This completely eliminates the risk of skin punctureor fear of puncture during 
use and manufacture. It abo eliminates coring of the seal 216 by a spike element and al the nsks associated 
therewith. Further, the f taid flow rate is not limited by the size of a through passage h a needle or spike, as is 
the *ase in some prior art valves. 

As shown m Figure 4, another feature of the invention is that the upper ledge 234 confines the movement 
of the shoulder 252 toward the opening 250 to prevent the seal 216 from being blown through the opening 230 
under high pressure in the cavity 218. This makes the valve 21 0 particularly suited for high pressure applications. 
Second Embodiment 

In a second embodiment of the present invention illustrated in Figures 6 and 1, the valve 310 includes a 
valve body or housing 312, a support member 314, a skirt 316, a seal 318, a resifient member 320, and a pair o! 
clam shells 322a/322b. The housing 312 is desirably similar to the housing 21 2 of Figure 4 and has a tapered side 
wall 324. 

Referring to Figures 6 and 7, the second embodiment of the valve 310 has a beU-shaped skirt 316. The 
skirt 3 16 has an annular ring 328 which is disposed toward an inner conduit 330 of the support member 314. The 
skirt 316 creates a shield for the inner conduit 330. This inner conduit 330 is preferably cylindrical in 'shape and 
slightly tapered. The inner conduit may be connected to a terminal end of a catheter (not shown), which has an 
opposite, open end that is generally inserted into a patient, the support member 314 serves as a support and 
attachment device lor the seal 318 by holding the seal 318 in place inside the housing 312. 

"ttie support member 314 also serves as a support and attachment device for the skirt 316. As best seen 
in Figure 6 t the support member 314 has an edge .portion 332 which engages a ledge 334 of the skirt 316 in 
assembly. This attachment secures the skirt 316 m place. The skirt 316 desirably includes a Luer4ock portion 336 
that enables the valve 310 to be removably attached to, for example, a fluid fine or catheter connected to a patient. 
It is noted that the valve 310 in this embodiment includes a skirt 316 separate from the bousing 312 for ease of . 
assembly. A different embodiment can provide a unitary member which replaces the bousing 312 and skirt 316. 
It is therefore contemplated that such;an embodiment would fall within tha scope of this invention. 

The sea! 318 is simBar to the seal 210 of Figure 4. The seal 318 is also preferably silicon and has a 
similar -seal cap .340 with a prectit slit 34 2, shotilder 344, and pressure responsive member 348; These components 
serve the same f unction as those of the seal 2 TO. Instead of a side wall farmed with wafl portions 258, the seat 
318 has a side wall 350 that is generally circular cylindrical and has a -distal portion 352 that is sized to be slip- 
fitted with the proximal end 354 of the inner conduit 330 of the support member 314. During .compression of the 
seal 318. the side waB 350 simply slides over the proximal end 354 of the inner conduit 330, forming a fluid-tight 
seal therewith. The seal 316 defines an inner cavity 358 above the proximal end 354 of the inner conduit 330. 
The inner cavity 358 forms an expandable fluid space inside the valve 310. The inner conduit 330 and inner cavity 
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35B comprise aligned hofiow tubes in fluid tcmrountcation with each other when *he precut slit 342 of the seal 318 
opens during compression .of the seal 310. 

SimBar in form and function to the clam shells 220aJ220b of Figures 4>and 5, the clam sheDs 322a022b 
are constructed to cause an increase in fluid space upon insertion of a medical ouplement into the valve 310 and 
a decrease in fluid space upon withdrawal of the medical wmlement such as a syringe 352 partially shown in 
phantom m Figure 7. The interna! surfaces 364a/364b of the dam sneQs desirably have longitudmal grooves that 
cooperate with one another to squeeze a portion of the seal side wall 350 to form a constricted portion 366 thereof. 

instead of the spring 222 in Figure 4, flmsecond embodiment employs the lestot member 320 disposed 
between the clam shells 322a/322b and the support member 354. The res&nt member 320 advantageously is krt 
and impermeable to fhnd such as siftcon, and includes waB portions 368 which deform in an accordiorvfike fashion 
and assist in the reformation of the seal 318 to close the housing opening 370 upon withdrawal of the syringe 362. 
The resient member 320 thus is similar in construction whh and serves the same function-as the spring 222 iof the 
$eal:2l0 of Figures 4 and 5. ?lt is contemplated that a spring <not shown) amrlar to the spring 222 of Figure 4 may 
be used in place of the resilient member 320, as may other suitable structures known to those of skill in the art 
As shown in Figures 6 and 7, the resilient member 320 has a base 346. The base 346 fits snugly and 
securely within ian annular groove 374 provided in the housing 312 and an annular groove 377 provided in the 
support member 314, as shown in Figure 6. The annular grooves 376,377 hence form a locking .mechanism to 
support and secure nhe wsffient member 320 within the housing 312. The shoulder 344 ichgages an upper ledge 382 
provided in an upper conduit 384 of the housing 31 2 such that the upper ledge 382 confines the movement of the 
shoulder 344 toward the sparing 370 to prevent the seal 318 from heihg blown through the opening 370 uhder;high 
pressure in the inner cavity 35B of the seal 31 8. 

The resilient member 320 is desirably relaxed or slightly compressedlongrtudinally 4n the decompressed state 
{Figure 6), and compressed longitudinally in the compressed state (Figure 7J. The resilbnt member 320 is desirably 
not attached or bonded to either of -the clam shells 322a7322b or the housing 312. 

figures 7 illustrates compression and Figure 6 ffiustrates decompression during valve activation. In the 
compressed state/ the syringe 362 is placed on the seal cap 340 inside the opening 370 of the housing 312, and 
the appfication of pressure cm the syringe 362 .creates pressure on the seal cap 340. The downward pressure 
pushes the seal cap 340 iaway from the circular opening 370 and toward the distal tower iportion of the housing 
31:2 which has a larger mne^ to open. The side wall 350 slides over 

the proximal end 354 of the inner conduit 330. and the resilient member 320 deforms ;m an accordio*fike maimer, 
storing potential energy of the .repression, fluid Is able to flow into the syringe 362, nr .vice versa, depending on 
whether fluid is to be withdrawn from the patient or medication mjected into the patient. 

The compression of the seal 318 shown m Figure 7 generally causes a contraction or reduction in the 
volume of the inner cavity 358 of the seal 318. The valve 310 has a m sain in volume of tha inner cavity 318, 
however, because the general reduction m volume within the inner cavity 358 as tess than an increase m volume 
within the constricted portion 366 >of the inner cavity 358 defined by the clam sneBs 322a/322b. the expansion 
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results from the movement of the dam shells 322a/322b apart f rem one another during compression, facBitated by 
the tapered side waO 324 of the housing 312. 

figure 8 illustrates the valve after withdrawal of the syringe 362. The seal 318 returns to its 
decompressed state and essentially fifls the opening 370, and the clam shells 322a/322b are pushed proximal!* 
toward the opening 370 by the resifent member 320. Because of the contraction *>f the mner cavity 358 at the 
constricted portion 366 by the clam sheik 322a/322t>, there is a net loss or reduction in fluid space, resulting in 
a positive flow from the valve 310 through, «&, a catheter tip (not shown). The posmv*flow valve 310 
advantageously eliminates any dead space during decompression of the seal 338. This is f urther assisted by the 
seal 318 with the sfit M2 remaining open untB the very end, Le., unti the seal cap 340 h squeezed by the upper 
xonduit3B4. 

In addition, the valve 310 can be reused because the seal 31B can return reversibly in the decompressed 
state. The seal surface 340 ts also swabbablefor sterffity. Other features of the valve 310 are discussed previously 
in connection with the first embodiment of this invention and will not be repeated. 
Third Embodiment 

As shown in Figures 8 and 9, a third embodiment of the valve 410 of the present invention comprises a 
valve body or .housing 412. a support member 414, a flexible tubing 416, a seal 418, a ring member 420, a pair 
of clam shells 422a/422b, ;and a spring 424. the flexible tubing 416 may he connected to * catheter {not shown}* 
and, together With the sea! 418, defines an inner cavity 426. The inner cavity 426 ftrms an expandable fluid space 
of the ivalve 410. The ciam shells 422a/422b desirably are substantially .the same as the clam shells 220a/220b 
of Figure 4 and are constructed to cause the fluid space within the vah/e410 to increase iupfin insertion of a medical 
^implement and to decrease upon withdrawal of" the medical Implement such as a syringe 428 partialy shown m 
phantom m Figure 9 ? The Rousing 412 h desirably similar to the housing 212 of Figure 4. 

The support member 414 has a hoBow center 430 which supports the flenbfe tubing, and a proximal end 
432 which encloses a distal end 434 ;of the housing 412. The support member 414 desirably locks onto the housing 
4 12 via any method known to those of skill m the art. The proximal end 432 ,o f the support member 414 supports 
the spring 424, Which .in turn supports the clam shells 422a/422b and seal 418. 

the seal 418 is prepared from a resffient Material that is flexible, inert, and impermeable to fluid, such as 
silicon. Referring to Figure 8, the seal 418 is -substantially similar to the seal 210 of Figure 4, with a portion of 
the .side wafl 438 cut off near the shoulder 440 region. As a result, the side wall 438 of the seal 418 is 
substantially shorter than the side wafl 254 of the seal 210 in figure 4. A distal end 442 of. the side wall 254 is 
attached, preferably by adhesive, to a proximal end 444 of the flexible tubing 416. The distal end 442 abuts the 
ring member 420 which is disposed between the seal 418 and the clam shells 422aJ422b and attached at its inner 
surface 446 *o a portion ol the tubing 416, desirably also by adhesive. Other suitable means of attachment may 
be used. The ring member 420 is desirably imade of pofycarbon. 

The iclam shells 422aJ422b desirably form a sfeling contact at .their proximal ends with the ring member 
420 for easetf assembly, but may ahernatively .be affixed to the ring member 420 by adhesive or simiar means. 
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The clam shells 422a/422b are desirably the same as the clam shells 220a/220b of Figure 4. having tapered external 
surfaces 450a/450b to cooperate with the tapered side waB portion 452 of the housing 412 for sliding and grooved 
internal surfaces 454af454b that cooperate with one another to squeeze a portion of ihe tubing 416 to form a 
constricted portion 456. 

The spring424 is substantially the same as the spring 222 of.figure 4 and serves thesaroe function, being 
disposed between the distal ends of the clam shefb 422af422b and the proximanmd 432 of the support member.. 
414. In me decompressed state shown in figure 8. the spring 424 may be relaxed or in slight compression to exert 
a force on the seal 416 through the clam shells 422aJ422b to keep the sfit 466 in the seal cap 460 closed. During 
insertion of the syringe 428. the spring 424 is compressed and stores potential energy from the compression, as 
illustrated in figure 9. Upon withdrawal of -the syringe 428, the spring 424 releases the potential;ehergy and pushes 
the clam shells 422a/422b poximally to close the seal 418, as shown in figure 8. Tbe spring 424 is preferably 
not attached or bonded to either the clam shells 422af422b or the support member 414 for case of assembly. The 
spring 424 can be a helical spring or any other suitable spring known to those with skill in the art. 

Figure 9 shows the compressed stale of the valve 410 upon insertion of the syringe 428. In the 
compressed state, the syringe 428 is placed on the seal cap 460 inside the opening 464 of the housing 412 and 
the application of pressure on the syringe 428 creates pressure on the seal cap 460. The downward pressure 
pushes the seal cap 460 away from the circular opening 464 and toward the distal end of the bousing 412, which 
has a larger inner diameter, thereby allowing the precut sfit 466 of the seal cap 460 to open. The resilient tubbig 
416 and the clam shells 422a/422b also move distally as the spring 424 del orms in compression, storing potential 
energy. Fluid is able to How into the syringe 428,,or trice versa, depending on whether fluid is to be withdrawn from 
the patient or medication injected into the patient. 

The compression of the seal 418 shown in Figure 9 generally causes a reduction^ the volume of the inner 
cavity 426 formed by the seal 418 and tubing 416. However, because of an expansion of the constricted portion 
456 defined by the clam shells 422af422b an increase in fluid volume is created which is greater than the general 
reduction in fluid volume within the inner cavity 426. the valve 410 has a net gain in fluid volume. The increase 
in fluid volume results from the movement of the clam sheds 422af422b apart from »ne another during seal 
compression, facilitated by the tapered side wall 452 of the housing 412 and resiliency of the tubing 416. 

figure 8 fllustrates the vahre 410 after withdrawal of the syringe 428. The seal 418 returns to its 
decompressed state and essentially Wis the opening 464, and the clam shells 422aJ422b are pushed proximally 
toward the opening 464 by the spring<424. Because.*! the contractibn;of the inner cevity 426 at the constricted 
portion 456 Ay ihe cram shells 422a/422b. there is a net loss in fluid space, resulting in a positive flow from the 
vahre 410 through, eg, a cafhetertip (not shown). The posrove-flow valve 410 advantageously eliminates any dead 
space during decompression of the seal 4*8. This is further assisted by the seal 4 1 8. with the sat 466 remaining 
open until the very end, i.e, unta the seal cap 460 is squeezed by upper conduit 470. 
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In addition, the valve 410 can be reused because the seal 418 can return reversjbly to the decompressed 
state. The seal surface 472 is also swabbable for sterifity. Other features of the varve 410 are discussed previously 
m connection with the earfier embodiments of this invention and wiD not be repeated. 
fourth Embodiment 

A fourth embodiment of the present invention is illustrated in figures 10 and 11. As illustrated therein, 
a valve 510, comprises a valve body or housing 512, a support member 514, a skirt 516, a retaining member 518, 
a seal 520, a pair of clam shells 522a/522b. and a resiient member -524. The valve 510 has several features that 
are the same or similar to those of the valve 310 of Figures 6 and 9, having a similar resflient member 524 and dam 
shefls 522aJ522b. The clam shells :522a/522b have internal surfaces 526a/526b that cooperate with one another 
to squeeze a portion of the seal side wafl 528 to form a constricted portion 530 thereof. 

The seal 510 is preferably made of sificon and has a seal cap 532 with a precul slit 534, shoulder 536, 
lower Op 536, and pressure responsive member 540 that are simSar to the seat 210 of figure 4. These components 
serve the same function as those of the seal 210. The side waO 528 may be formed with ringed wall portions 258, 
as in the seal 210, hut figure 4 shows the side wall 528 that is generally circular cylindrical The seal 520 defines 
an inner cavity 542 which forms an expandable fluid space inside the valve 510. During compression of the seat 
520, the side wall 528 deforms outwardly into a circumferential cusp or bulge 544 in ttje unconstricted region 
between the clam , shells 522a/522b and the support member 514. The side wall 528 returns to its decompressed 
shape upon decompression of the seat 520. The seal 520 is desirably relaxed longitudinally in the decompressed 
state:{Figure 10), ;and compressed IbngjturJinaUy in the compiessed state IRgure UK Alternatively, the seal 520 may 
be stretched tongitudirrairy in tension by the resilient member 524 in the decompressed state and be relaxed or 
slightly compressed longitudinal in the compressed state. 

Referring to figure IB. the skirt 516 is a heflshaped skirt that is similar to the skirt 316 of figure a The 
skirt 516 creates a shield for an inner conduit 548 of the support member 514. The inner conduit 548 may be 
connected to a terminal end of a catheter tnot shown) which has an open end that is generally inserted into a 
patient. The support member 5 1 4 serves as a support and attachment device for the seal 520 by folding the seal 
520 in place inside the housing 512. 

The support member 514 also serves as a support and attachment device for the skirt 516. Similar to the 
valve 310 of figure 8, the support member 514 shown in Figure 10 has an edge portion 550 which engages a ledge 
552 of theskirt 516 m assembly. This attachment secures the skirt 516 In place. The skirt 518 desirably includes 
a JUier lock portion 554 that enables rbe valve 510 to be remova catheter 
connected to a patient. 

The retaining member 518 is desirably provided to secure the tower bp 538 of the seal 520 and support 
the resflient ^member 524. Themtaining member 518 b held the support member 514, 

and is provided for ease of assembling the valve 510. The retaining member 518 has an annular groove 556, and 
the support member 514 has an annular groove 558. The annular grooves 556,558 Jorm a locking mechanism to 
support and secure the seal 520 within the housing 512 by engaging the lower fip 538 snugly with the:grooves 
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556,558. It is noted that a different embodiment may provide a unitary member Which replaces the support member 
514 and the retaining member 518. ft is therefore contemplated that such an embodiment would faP within the 
scope of this invention. 1 

Figure 11 illustrates compression and Fhjure 10 illustrates decompression during valve activation. In the 
compressed state, a medical implement such as the syringe 562 partially shown in phantom is placed .on the seal 
cap 532 inside the opening 564 of the housing 512, and the application xf pressure on the syringB 562 creates 
pressure an the seal cap 532. Trie downward pressure pushes the seaJ cap 532 away from the circular operang„ 
564 and toward the tower portion of the housing 512, which fiias a larger inner diameter, thereby allowing the prectit 
sGt 534 to open. The side wail 528 deforms outwardly at the unconstricted region into a circumferential cusp 544 r 
and the resent member 524 deforms in an accordion-Eke manner, storing potential energy of the compression, fluid 
is able to <ftaw into the syringe 562, or vice versa, depending ^whether fluid is to he withdrawn from the patient 
or medication injected into the patient. 

The compression of the seal 520 shown in Figure 1 1 generally causes a reduction .in the fluid volume of 
the inner cavity 542 of the seal 520. The valve 510 has a net gain in volume of the inner cavity ;542, however, 
because the general reduction in volume within the inner cavity 542 is less than the jincrease in volume within the 
constricted portion 530 as defined by the clam sheik 522a/522b and of the cusp 544 at the unconstricted.region 
of the seal 520. 

Figure 10 illustrates the valve 510 after withdrawal of the syringe .562. The seal 520 returns to its 
decompressed state and essentially fills the opening 564, and the clam shells 522af522b are pushed fcac* up toward 
the opening 564 by the resident member 524. Becsuse of the contraction of the inner cavity 542 of the seal 520, 
there is a net loss in fluid space, resulting in a positive flow .from the valve 510 through, e.g., a catheter tip foot 
shown). The posrtive-f lo w valve 51 0 advantageously eBminates any dead space during decompression of the seal 
520. This is further assisted by the seal 520, with the slit 534 remaining open until ihe very end. i.e.. untfl the 
seal cap 532 is squeezed by the circular opening 564 at the top of the upper conduit 570. 

lo addition, the valve 510 can be reused because the seal 520 can return reversibfy in the decompressed 
state. The seal surf ace 572 is also swabbabie for sterility. Other features of the valve 510 are discussed previously 
in connection with the earfier embodiments of this invention. 
Fifth Embodiment 

Figures 12 and 13 show a fifth embodiment valve 610 in accordance with the present invention, the valve 
610 comprising a valve body or .housing 612, a seal 614. a ring member 6 1:5, and a spring 6T8. The housing 612 
is similar to the housing ,212 of figure 4, - with a circular opening 620, and a tapered side wall 622. tut may have 
a straight side wall instead. The seal 614 is srmflar to the seal 318 -of figure 8, having a substantially cylindrical 
side wall 624 and defining <an inner cavity 626 which forms an expandable fluid space inside the valve 610. The 
side wall 624 may have different and variable thickness foot shown). The components are dimensioned *nd 
configured to cause the fluid space to expand upontnsertion of a medical implement and to contract upon withdrawal 
of the medical implement such as a syringe 630 partially : shown in phantom in Figure 1 3. the distal portion =of the 



WO 98/26835 PCT/OS97/23258 

16 

; seal 61 4 is connected to a f bid line such as a catheter :{not shown), and may toe secured t o the housing by means 
known to those with skffl in the -art, such as by the useirf a support member Inot shown) similar to the support 
member 214 shown in figure 15. 

The ring member 616 is desirably an annular disk '616 made of a hard plastic and disposed between a 
shoulder 634 of the seal 614 and a proximal end 636 of the spring 618. Trie ring member 616 serves as a 
constraint for the seal 614 during compression and efficiently transfers the compressive force to the spring 618, 
assisting in the deformation of the seal 614. During. decompress™, the ring member £16 *fficientfy transfers the 
spring force to the seal cap 638 of the seal 614 to close the opening 620. Although the ring member 818 
facfirtates the deformation and reformation of the seal (514, It It not -necessary for the seal 614 to work. In that 
case, the spring 618 wnl contact the seal cap 638 directly. 

The spring 818 is substantially the same as the spring 222 «f figure 4 and serves the same function, being 
disposed between the ring member 616 and a dotal end 542 of the Abusing 612 In an alternative embodiment, 
the distal end 642 may be a separate component from the housing 612 for ease of assembly. In the decompressed 
state shown in Figure 12, the spring 618 may be relaied or be in slight compression to exert * Wee on the seal 
614 through the ring member 616 to keep the seal 614 closed. Owing insertion t»| the syringe 630, the spring 618 
is compressed and stores potential energy ;f rtim the compression, as aiqstrated In figure 13 k Upon withdrawal of 
jhe syringe 630, the spring 818 releases the potential,eneigy and^puihes the ring menrber$T6 to close the seal ;6t6 
as shown in Figure 12. The spring 618 is preferably not fixed With either ihe ring member 6 16 or the distal end 
642 uf the housing 612 for ease of -assembly. The spring 618 ian be;a hebcal spring :or any other suitable spring 
known to those with skill in the art 

The side waB 624 of the seal 614 is constrained by the ring member $V8 and housing 612, and is 
substantially relaxed in the decompressed state. During ;tompression of the seal 614, the side wall 624 bulges in 
the unconstrained region between the ring member 616 and the distal end 642 tif the housing BIZ causing an 
increase in the fluid space within the valve 610. The side wail 624 returns to its decompressed shape upon 
•decompression of the seal 614. Alternatively, the side wall £24 may be stretched in tension -by the spring 61 B in 
the decompressed state and pes through a relaxed position before deforming tinder compression to its bulged 
condition. 

f igurt 13 illustrates compression and Figure 12 fllustrates decompresson during valve activation. In the 
compressed state, the syringe 630 is placed on the seal cap 636 inside the opening 820 of the housing and the 
application of jprcssura on the syringe 630 creates [pressure on the seal cap 638. The downward pressure pushes 
the seal cap 638 and the ring member 616 away $ rem the circular opening 820 and toward theilower portion of 
Iheihousihg 612 which has a larger inner diameter, thereby ado wing the crecut slit 646 of the seal cap 638 «t open. 
Tbe side wall 624 deforms outwardly and bulges at the unconstricted region, as the spring 618 is compressed, 
storing potential energy of the compression, fluid is able to flow into the syringe 630, or vice versa, depending on 
whether fluid is to be withdrawn from the patient or medication injected into the patient. The compression ef tbe 
seal 61 4 shown in figure 13 resiihs m a net gain m volume af ihe inner cavity. 
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Rgure 12 illustrates the valve 610 after withdrawal of the syringe 630. The seal .614 returns to its 
decompressed state and essentially fills the opening 620, and the ring member 616 is pushed back up toward the 
opening 620 as the spring 6 18 releases its potential energy. Because *f .the contraction of the inner cavity 628 
of the seal 614, there is a net loss in fluid space, resulting in * positive flow from the valve 610 through, a 
catheter tip {not shown). The positive-flow valve 610 advantageously ebmiftates any deadspace .during decompressto n 
of the seal 614. This is f urther assisted fcy the seal 614 with the sJh 646 iremainihg open unta the very and, 
until the seal cap 638 is squeezed by the circular opening 620 at the top of the upper conduit 650 of the housing 
612. 

In addition, the valve 610 can ibe reused because the seal .614 can return reversibry in the decompressed 
state. The seal surface 652 js also swabbable for sterifity. Other .features the varve 61Q are discussed previously 
In connection with the earfer embodiments of tins invention. 
Sixth Embodiment 

A sixth embodiment of a valve 710 is aiustrated in Figures 14 and 15. The valve 710 comprises a valve 
body or housing 712 and a seal 714. The housing 712 has an upper conduit 716 near a proximal end with a circular 
opening 718 that is preferably adapted to receive a medical implement. A side waU portion 720 i$ protruded Id 
facilitate deformation of the seal 714. A distal end 724 of the housing 712 forms a lower passage 726 (partially 
shown) which supports and constrains a distal portion 728 of the seal 714, and is connected, for example, to a fluid 
Hine such as a catheter (not shown). Alternatively, a support member (not shown) may he used to detachably lock 
onto the housing 712 and support the seal 714, such as those shown in figure 4 (214) or Figure 12 (514). 

The seal 714 is generally similar to the seal 61 4- of Figures 12 and 13. and has a substantially cylindrical 
. side wall 721, although the -side Wail 732 may ihave a slight bulge 733 as shown in Figure 14. It -defines ah inner 
cavity 734 which forms an expandable fluid space inside the valve 710. In the decompressed state, the seal 714 
is constrained by the upper conduit 716 and lower passage 725 of the housing 712, and is suhstantiairy relaxed in 
the decompressed state. The components are dimensioned and configured to cause the fluid space to expand or 
increase upon insertion of the medical implement and to contract or decrease upon withdrawal of the imedical 
implement such as the syringe 730 partially shown in phantom in f igure J?5. During compression of :the seal 714, 
the side wad 732 bulge in the unconstrained region between the upper conduit 7 J6 srtif tower passage 726 and the 
bulge 73B is substantially found. The side wall 732 return to its decompressed shape upon decompression of the 
seal 714, 

Figure 15 illustrates compression and iFjgure 14 illustrates decompression ^during valve activation. In the 
compressed state, the syringe 730 is placed on the seal cap 742 of the seal 714 inside the opening 7*8 til the 
housing 712 and the application of pressure on the syringe 730 creates pressure on the seal cap 741 The 
downward pressure pushes *the ;seal cap 742 away from the circular opening 758 and toward the protruded portion 
720 of the housing 712 which has a larger inner diameter, thereby allowing the precut sit 746 : of (he seal cap 742 
to open. The side wall 732 deforms outwardly and bulges at the unconvicted region 738, storing potential energy 
of the compression. Fluid is able to flow into the syringe 730, or vice versa, depending oh whether fluid is to be 
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withdrawn from the patent or medication injected into the patient. The cwnpression of the seal 714 shown in Figure 
1 5 generates a net gain in volume of the inner cavity. 

Figure 14 illustrates the valve 710 after withdrawal of the syringe 730. The seal 714 returns to its 
decompressed state and essentially itiDs the opening 718. Because of the contraction of the inner cavity 734 of the 
seat there is a net loss m fluid space, resulting in a positive flow from the valve 710 through* e.g., a catheter tip 
(not shown). The positive-flow valve 710 advantageously eliminates any dead space dunng decompression of the 
seal 714. This is further assisted by the seal 714 with the slit 746 remaining open until the wry end, Ae,, until 
the seal cap 742 is squeezed-^ the circular opening 718 at the top *f the upper conduit 716. 

In addition, the valve 710 can be reused ^because the seal 710 can return reversibly in the decompressed 
state. The seal surface 748 is also swabbablefqr sterffity. Other featuresof the vafve 710 are discussed previously 
in connection with the earlier embodiments of this invention. 
Seventh Embodiment 

Figures M and 17 illustrate a valve 710 in accordance with a seventh embodiment of the present invention, 
the vafve 756 comprising a vafva body or housing 758 and a seal 7B0 that are substantially the same as the housing 
712 and seal 714 of Figures 14 and 15, with a distal portion 762 of the seal 760 connected to a fluid fine such 
asa catheter (not shown). The seal 760, however, is configured to deform upon compression ^into a diamond-shaped 
cusp 764 instead of a round bulge 738 as 'ttTustrated in. Figures 14,and 15. This type of construction may facilitate 
deformation and (reformation of the seal 760, and may be more easily formed. The valve activation of this 
embodiment is virtually identical to that in figures 14 and 15. axcept for the deformed shape of she seal side wall 
770. It is' contemplated, therefore, that a seal that may deform into a variety of shapes other than round and 
diamond shapes to achieve positive flow may be employed, as long as the n is dimensioned and configured to cause 
the fluid space of the valve to expand upon insertion of a medical implement and to contract : uppn wnhdrawal of 
the medical implement such as the syringe 774 partially shown in phantom in Figure 28. 
Eighth Embodiment 

As illustrated in figures 18 and 19, an.*ighth embodiment vaJve 810 of the present mventionfe similar to 
the embodiments shown in Figures 14-17. The valve 810 also includes a housing 812 having an internal cavity 814 
with an upper conduit 516, ; and a seal 818 disposed inside the internal cavity 814 {and shaving an bum cavity 820 
that defines a fluid space. Hie housing 8 12 has a ifistai . end 624 which supports a side wall $26 of the seal fittk '. 
■A distal portion 828 of the seal 818 is connected to a ;f biid fine such as a catheter (not shown}. The pressure at 
the inner cavity 820 of the seal 818 is PI. Between the bousing 812 and the seal 81$ b an enclosed pressure 
chamber 832 at pressure P2. The valve activation uti&es the pressure difference between P2 in the pressure 
chamber 332 and PI ! in the ;inner cavity 820 of the seal $18. 

Upon insertion of a medical implement such as a syringe 836 shown ( m phantom in Figure 19 v *he pressure 
at the inner cavity 820 of the seal 818 increases from P1 to P3 and the fluid space inside the seal 818 expands 
from the decompressed state of Figure 18. The expansion of the fluid space results primary from a difference in 
pressure between ? 3 and P2. This valve 610 is particularly advantageous in the case where the side wall 826 of 
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the seal 818 deforms without storing substantial potential energy. For instance, the side waD 826 of the seal BIB 
may deform without substantial resistance <or resiliency such as a membrane, or the seat b not constrained 
iongitudmat by the d^tat ^ottton '824 of the housing 812 and may slide in and out of the internal cavity 814 of the 
housing 812 through the distal end 824. 

Frgure 19 iBusteates compression and Figure 18 ffiustrates decompression during valve activation. In the 
compressed state, the syringe 836 is placed on the seal cap 838 of the seal 818 Inside the opening 840 of the 
housing 812 and the appfcation of pressure on the syringe creates pressure on the seal cap 838. The downward 
pressure pushes the seal cap B3B away from the circular opening 840 and toward the lower portion of the ihousmg 
81 2 which has a larger inner diameter, thereby allowing the precut sEt 844 of the seal cap 838 to open. The entry 
of the fluid causes the. pressure at the mner cavity 814 of the seal 812 to mcrease to F3. As a result, the side 
wall 826 deforms outwardly and bulges at the tmconstricted region 848. Potential energy is stored in the change 
in pressure differential between the inner cavity 820 and the pressure chamber B32. The side wal!826 of the seat 
.818 need not deform and store energy, but may Jo so. fluid is able to f Jo w into the syringe 036, or vice versa, 
depending on whether fluid is to be withdrawn from the patient or medication injected itntp the patient. The 
compression of the seal 818 shown in figure 19 causes a net gain or increase in fluid volume within the inner cavity. 

Figure IB illustrates the valve 810 after withdrawal of the syringe 836. The seal BT8 returns to its 
decompressed state and essentially fills the openingiMO, and the pressure m the inner cavity $820 returns to PI and 
releases the potential energy. Because of the contraction of the inner cavity 820 of the sea! 818, there is a net 
toss in fluid space, resorting in a positive flow from the valve 810 through, eg., a catheter tip (not shown). The 
positive.How valve 810 advantageously eliminates any dead space during decompression of the seal 818. this is 
. further assisted toy the seal BI B with the slit 844 remaining open unt3 the very end, ie r , until the seal cap 838 is 
squeezed by the circular opening 840 at the top of the upper conduit 816. 

In addition, the valve 810 ican be reused because the seal ;B 18 can return reversely in the decompressed 
state. The seal surface 854 is also swabbable forsterifity. Other features of the valve 81 Q are discussed previously 
in connection with the earlier embodiments of this invention. 
Ninth Embodiment 

A ninth errroodiment *f a valve 910 comprising ia housing 912, a support member 914, a skirt :91 6, a seal 
918, and a scissorriike cross member 920, is depicted in Figures 20 and 21. Theliousing;912 has an upper conduit 
924 with a circular opening 026. The support member 914 has an inner conduit 028 which is connected to a f hriri 
fine such as a catheter {not shown). The seal 918 has a side wall 930 desirably formed of alternating wall portions 
932 and defines an inner cavity S34 which forms an expandable fluid space inside the valve 91 0. The cross member 
920 is dimensioned and configured to assist m causing the fluid space to expand upon insertion of a medical 
implement and to contract upon withdrawal of the medical anplement such as the syringe 936 partially shown ^in 
phantom in Figure 21. 

The cross member 920 has two longitudinal member 940 attached together which rotates with respect to 
one another, and is desirably made of :a hard material such as a hard plastic. The cross member 920 is disposed 
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at a constricted portion 942 of the seal 918 within the inner cavity 934 with the tongitudinal members 940 
preferably substantially disposed vertically. The ends 344 of the longitudinal members 940 are desirably attached 
to the side waB 930 as shown in Figure 20. The longitudinal members 940 rotate to a substantially horizontal 
orientation upon compression by the insertion of the syringe 936 as shown in Figure 21, This rotation is referred 
5 to as the deformation of the cross member 920. The longitudinal members 940 may foe attached to rotate freely 
with respect to one another. Alternatively, the longitudinal members 940 may be spring-loaded or attached such that 
they rotate under a rotational force hut reform to their relaxed position upon release of the f oTce. Upon withdrawal 
of the syringe 936 as shown in figure 20, the tong'rtudmal members 340 return to .the substantially vertical positions, 
referred to as the ref ormatwn of the crass member 920. The -longitudinal members 940 are desirably <ldngitudmal 

10 plates 940 with sufficient width to expand the constricted portion 942 of the seal 918 in the substantially horizontal 
position but net so wide that they impedes flow therethrough. Alternatively, they may contain holes {not shown) 
. through which fluid can pass. 

Figure 21 illustrates compression and Figure 20 illustrates decompression during valve activation. In the 
compressed state, the syringe 926 is placed on the seal cap 950 ai the seal 918 inside the opening 326 of the 

15 housing 212 and the application of pressure on the syringe 936 creates pressure on the seal cap 950. the 
downward pressure pushes the seal cap 950 away from the circular opening 326 and toward the lower portion of 
the housing. 912 which has /a larger inner dia meter, thereby allowing the precut sOt 952 of seal cap 950 to open. 
The side wall 930 of the seal 918 deforms in an accordion like manner, and the cross member 920 deforms and 
opens up the constricted portion 322 of the seal 918, storing potential energy of the compression. Fluid is able to 

20 How into the syringe 935, or vice versa, depending on whether fluid is to he withdrawn from the patient or 
medication injected into the patient, the compression of the seal 318 and def ormation of the sross 920 shown m 
Figure 21 generally causes a contraction of the volume of the iifmer cavity 934 of the seal 918. The valve 31 D has 
a net gain in volume of the inner cavity 934, however, hecause the general contraction of the inner cavity 334 is 
less than by the expansion of the constricted portion 342 pushed apart by the cross member 320. The expansion 

25 results from the movement of the longitudinal members 940 of the cross member 320 during compression. 

Figure 20 llustrates the valve 910 after withdrawal- of the syringe 936- The seal 918 returns to its 
decompressed state and essentially fills the opening 926, and the cross member 320 reforms to allow the constricted 
region 942 «f thB seal 918 to narrow. Because of the contraction of the inner cavrty 934 at the constricted portion 
342, there is a net loss in fluid space, resulting in a positive flow from the valve 910 through, e.g., a catheter tip 

30 (not shown). The positive-flow valve 910 advantageously efirnrhates any dead space during decompression of the 
seal 9 I B. This is further assisted by the seal 918 with the slit 952 remaining open until the very end, Le., untd 
the seal cap 950 is squeezed by the circular opening 326 at the top of the upper conduit 324. 

In addition, the valve 310 can be reused because the seal 318 can return reversibry m the decompressed 
state. The seal surface 960 is also swabbable for sterility. Other features of the valve 3 10 are discussed previously 

35 in connection with the earner ^embodiments of this invention. 
Tenth Embodiment 
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Figures 22 and 23 illustrate a valve 1010 in accordance with a tenth embodiment of the preseittirrvention, 
the valve 1010 comprising a valve body or housing 1012. a support member IOM fpartially shown), a seal 1016* 
;3 ring member 1018, a teslent reel 1020, anil a scissorfike cross member 1022. the support member 4014 has 
an inner conduit (not shown) which is connected to a third fine sir ch as a catheter hot shown). The seal 1 01$ has 
a seal cap 1028 with sfit 1030, shoulder 1 032, and pressure responsive member 1 034. 

The ring member 1018 f orms a sliding contact with a distal end 1036 of the seal 1016 and is preferably 
made from a hard jplastjc. The ring member 1018 desirably has a shoulder 1038 which is constrained by b ledge 
1040 of the housing 10J2 ;in the upward direction. The distal end of the ring member 1018 contacts<an upper 
flange 1044 of the resifient reel 1020 and facffitates transfer of the, cornpressive force iue to insertion of a medbal 
implement to cause deformationof the reel 1020. The reel 1020 is oiadefrom : a materia! tliat « flexible, inert, and 
impermeable to fluid, soch as silicon. It has a tower flange 1046 that is supported and secured 4y the support 
member 1014 and a centra) body portion 1048 that h substantially cylindrical The seal 10:16. ring member 1018, 
and resilient reef 1 020 define an inner cavity 1050 which forms an expandable fluid space inside the valve 101 0. 

The cross member 1022 is substantially the same of the cross member 920 of f igures 20 and 21 and is 
dimensioned and configured to assist in causing the fluid space to increase upon insertion of a medical implement 
and to decrease upon withdrawal of the medical implement such as the syringe 1054 partially shown m -phantom 
in figure 23. The cross member 1022 has two longitudinal members 1056 rotatably attached together. The cross 
member 1022 is disposed adjacent the central body portion 1048 of the reel 1020 withm the inner cavity 1050 with 
the longitudinal members 1056 preferably pointed toward the vertical direction and desirably attached to the central 
body portion 1048 at its four ends 1058 as shown in figure 22. The longitudinal members 1056 rotate to a 
substantially horizontal orientation upon compression by the insertion of the syringe 1054 as shown in f igure 23. 
This rotation is referred to as the deformation of the cross member 1022. The longitudinal members 1050 may be 
attached to rotate freely with respect to one another. Alternatively, the longitudinal members .1056 may he spring- 
loaded or attached such that they rotate under a rotational force but ;ref orm to thefr relaxed position upon release 
of the force. Upon withdrawal iof the syringe 105B as shown in Figure 22. the longitudinal members 1056 return 
to the substantially vertical positrons, referred to as the reformation of the cross member 1022. The longitudinal 
members 1026 are desirably longitudinal elates 1056 with sufficient width to open up the central body portion 1048 
of the reel 1020 in the substantially horizontal position hut not so wide that they impedes flow therethrough. 
Alternatively, they may contain :holes -(hot shown) through which fluid can pass. 

Figure 23 3lustrates compression and Figure 22 dlustrates decompression during valve activation. In the 
compressed state„tte syringe 1054 is placed . on the seal cap 1028 inside the opening 1062 irf 4he ihousins 1012 . 
and the application of pressure on the syringe 1054 creates pressure oh the seal cap 1028. The downward pressure 
pushes the seal cap 1028 away from the circular opening 1062 and toward the lower .portion of itheitdusmg 1012 
which has a larger .inner diameter, thereby allowing the precut slit 1030 to open. Hie Ting member 1018. moves 
toward the support member 1014 and compresses the . resiOentteel, 1020. The upper flange 1044 of the resilient 
reef 1020 is pushed by the rmg member 10 18 toward the lower flange 1046. The central body portion 1048ouiges 



WO 98/26835 PCFAJS97/232S8 

22 

outwardly as the cross member 1022 fefortns. storing potential energy of the compression. Fluid is able to flow 
into the syringe 1054. or vice versa, depending on whether fluid is to be withdrawn Irom the patient or medication 
injected into the patient. 

The compression of the sea! 1016 and deformation of the cross 1022 shown m Figure 23 generally causes 
a reduction in the volume of the inner cavity of the seal 1016. The valve 1010 has a net gain in volume of the 
inner cavity 1050, however, because the expansion of the central body portion 1048 of the flexible reel 120 causes 
an increase in fluid volume Which reduction resulting in is greater than the general contraction of the inner cavity 
1050. The expansion results from the movement of the ton^itodinal members 1055 of the cross member 1022 to 
open up the central body portion 1048 of the resffient reef 1020 during compression. 

figure 22 frustrates the valve 1010 after withdrawal of the syringe 1054. The seal 1016 returns to its 
decompressed state and essentially fills the opening 1067, and the cross member 1022 reforms to allow the central 
body region 1048 of the resilient reel 1022 to narrow. Because of the contraction of the inner cavity 1050 at the 
central body portion 1048, there is a net loss in fluid space, resulting in a positive flow from the valve 1010 
t hrough, e.g., a catheter tip (not shown). The positive-flow value 101 0 advantageously eliminates any dead Space 
during decompression of the seal 1 016. This is further assisted by the seal 101 6 with the slit 1 030 remaining open 
until the very end, Le., until the seal cap 1028 is squeezed by the circular opening 1082 at the top of the tipper 
conduit 1066 of ihe housing. 

In addition, the valve 1010 can be reused because the seal 1016 can return reversibly m the decompressed 
state. The seal surface 1068 is also swabbable for sterility/ Other features of the vah/e 11)10 are discussed 
previously in connection with the earlier embodiments of this invention. 
Eleventh Embodiment 

An eleventh embodiment of a valve 1110 in accordante with *he present invention is illustrated in Figures 
24 and 25, and comprises a valve body or housing 1112 and a seal 1114. The housing 1 112 has an upper conduit 
1116 hear a proximal end with a circular opening 1118 that is preferably adapted to receive a inedfcal implement 
such as a syringe 1120 partially shown in phantom in Figure 25. the housing 1112 has a tower conduit 1124 
{partially shown) near a distal end which is connected to a fluid line such as a catheter (not shown). -Disposed 
between the upper conduit 1116 and lower conduit 1124 are protruded right and left side waBs 1126a, 1126b 
connected to resilient ribbed portions 1128a, 1128b which allow the side walls 1T26a, 1126b to be stretched 
outwardly and reform inwardly in a substantially horizontal direction. Aside from the resilient jfobed portions 
11:28a, l!28b r the rest of the housing 1112 is desirably made of a Itrm material such as a hard plastic. 

The seal 11 14 is generally simBar to the seal 318 of Figure 6 with a sMar shoulder 1 132, seal cap 1134, 
and pressure responsive element 1136. The cybndrical side wall 350 of Figure 6, however, is replaced with a 
spreader 1140, which includes two legs 1 !42a,S 142b that extend from the shoulder 1132 outwardly at distal .ends 
1 144a, 1 144b that bear against -the protruded right and left side walls 1 126a,1 126b, as best seen in Figure 24. 
The distal end 1144a may be attached to the protruded side wafl 1 126a, and the distal end 1.144b may be attached 
to the protruded side walll 126b, by adhesives^r other available means. An inner cavity 1 150 is formed by the 



WO 98/26835 PCT/US97Q3258 

23 

seal 1114 and 3 distal portion 1152 of the bousing 1112, and defines a fluid space of the valve 1110. During 
compression of the seal 1114, the spreader 1140 extends further outwardly and pushes the protruded side - walls 
1126a,1126b outwardly. vThe seaJ 1114 and tooang 1112 are configured and dimensioned to assist ;in causing the 
fluid space to expand upon insertion of the medical implement 1120 and to contract upon withdrawal of the medlcaJ 
S implement 1120. 

Figure 25 illustrates compression and figure 24 illustrates decompression during vaJve activation, hi the 
compressed state, the syringe 1120 is placed on the seal cap 1134 inside the opening 111:8 ol the housing 1112 
and the application of pressure on the syringe 1120 creates pressure on the seal cap 1134. The downwardpressuie 
pushes the sea) tap 1134 away from the rircular opening 1 1'M and toward the lower portion of the 'housing M\2 

10 which has a larger inner diameter, thereby allowing the precut slit 11 56 oft he seal cap 1134 to open. The spreader 
1140 extends outwardly, stretching the resient ribbed portions 1 128a, 1 128b and pushing the protruded right and 
left side walls 11 26a, 1126b of the housing 1112 outwardly, storing potential energy of the compression. Fluid is 
able to flow into the syringe 1 1 20, or vice versa, depending on whether fluid is to be withdrawn from the patient 
or medication injected into the patient. The compression of the seal 1 1 14 and deformation of the spreader 1 140 

1 5 shown in figure 36 results in a net gain in volume of the inner cavity 1 1 50. 

Figure 24 illustrates the valve 1 110 after withdrawal of the syringe 1 1 2a The seal 1 114 returns to its 
decompressed state and essentially fills the opening 1118, and the spreader 1140 and resilient ribbed portions 
1128a, 1 128b reform to allow the protruded right and left side walls 1 126a, 11 26b to move inwardly. Because of 
the contraction of the inner cavity 11 50, there is a net toss in 1luid space, resulting in a positive flow from the valve 

20 1:1 TO through, a catheter tip (not shown]. The positive^ low valve 1 1 10 advantageously efiminates any itead 
space during decompression of >tbe seal 1 1 14. This is further assisted by the seal 14 with the slit 1 1 56 remaining 
open until the very end, Le v untD the seal cap 1134 is sgueeied by the circular opening 1156 at the top -of the 
upper conduit 1 11:6. 

In addition, the valve 1 1 10 can be reused because the seal 1 1 14 can return reversibly :in the decompressed 
25 state. The seal surface 1 160 is also swabbabte for sterility. Other features of the valve 1 1 10 are discussed 
previously in connection with the earlier embodiments of this invention. 
twelfth Embodiment 

A twelfth embodiment valve 1210 is 'illustrated in Figures 26 and 27, and comprises a valve body or 
housing 1212, a support member 1214 {partially shown), a seal 1 216, a ring member 1218, and a resilient reel 

30 1226. The housing 1212, support member 1214, and ring member .1218 are substantially the same as those shown 
in figures 22 and 23. $he bousing 1212 has an upper conduit 1224 with a circular opening 1226. The support 
raemher 1 214 has an inner conduit (not ;showri) which is connected ;to a fluid fine such as a catheter -(not shown). 
The distal end 1228 of the ring <merrtber 1218 contacts an upper flange 1232 of the resilient reel 1220 and 
facHitates transfer of the compressive force due to insertion of a medical implement such as a syringe to cause 

35 deformation of the reel 1220. The reef 1220 further includes a central body portion 1234 and a lower flange 1236 
that is desirably supported and secured by the support member 1214. 
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the seal 1216 ts similar to the seal 1 1 14 of Figures 24 and 25. and has a sffniar seal cap 1240 with sfit 
3242, shoulder 1244, arrdioressure respor^emembw 1246. Theseal 1246 has a spreader 1250 thai extends from 
.the shoulder 1244 outwardly and forms a circular distal ring 1252 that bears against thB central body portion 1234 
of the resilient reel 1220, as test seen in Figure 26. the distal ring 1252 may be attached to the central body 
portion 1234 by adbeshres or other avafabte means, to inner cavity 1254 is formed by the seal 1216 and a distal 
portion 1256 of the resBient reeUnd defines a fluid space of the valve 1210. During compression*! the seal 1216, 
the spreader 1250 extends further outwardly and pushes the central body portion 1234 of the resilient reel 1220 
outwardly. Be seal 3216 and resEent reel 1220 are configured and dimensioned to assist in causing the fluid space 
to increase upon insertion of a medical implement and to decrease upon withdrawal of the medical implement such 
as the syringe 1260 partially shown in phantom in Figure 27. 

Figure 27 illustrates compression and Figure 26 iustrates decompression during valve activation. In the 
compressed state, the syringe 1260 is placed on the seal cap 1240 inside the opening 1226 of the housing 1212 
and the application of pressure on the syringe 1260 creates pressure on the seal cap 1240. The downward pressure 
puihes the seal cap 1240 away from the circular opening 1226 and toward the lower portion of the housing 1212 
which has a larger inner diameter, thereby allowing the iprecut slit 1242 to open. The ring member 1218 moves 
toward the support member 1214 and compresses the resilient reel 1220.. The upper flange 1232 of the resifieht 
reel 1220 is pushed oy the ring Member 1214 toward the lower flange 1236 . The central body portion 1234 
bulges outwardly as the spreader 1250 deforms and pushes the central body portion 1234 outwardly, storing 
potential energy of the compression. Fluid is able to flow into the syringe 1260, or vice versa, depending on whether 
fluid as to be withdrawn from the patient or medication injected into the patient 

The compression of theseal 1216 anil deformation of the spreader 1250 and reel 1220 shown in Figure 
27 causes an increase in volume of the inner cavity 1254 because of the expansion of the central body portion 1234 
of the flexible reel 1220. The expansion results from the movement of the spreaders 1250 to open up the central 
body ponion 1234 of the resifient reel 1220 during compression. 

Figure 26 illustrates the valve 12T0 after withdrawal of the syringe 1260. The seal 1216 returns toits 
decompressed state ; and essentiaOy fills the opening 1225. and the spreader 1250 reforms to allow the central body 
region 1234 of the resilient reel 1220 to narrow. Because of the contraction of the inner cavity 1 254 at ithe central 
body portion 1234, there is a net loss hi fluid space, resulting in a positive flow from the valve 1210 through, e.g., 
a catheter tip (not shown). The positive-flow valve 1210 advantageously eSminates any dead space during 
decompression of ithe seal 1216. This is further assisted by the seal 1216 withthe slit 1242 remaining open ontB 
the very end, Le„ bntH the ,seal cap 1 240 is squeezed hy the circular opening 1 226 at ihe top of the upper conduit 
1224. 

In addition, the valve 1215 can be reused oecaDse the seal 1216 can return reversibiy in the decompressed 
state. The seal surface 1266 is also swabbable for sterility. Other ieatures of the valve 1210 are discussed 
previously in connection with the earlier embodiments of this invention. 
Thirteenth Embodiment 
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A thirteenth erobodimeDt vatve-1310 in accordance with the present invention b illustrated in Figures 28 
and 29. The valve T31& comprises * body or housing 13:12, a support raBmner 1314 fpartiaOy shown), an upper 
seal 1316, and a tower seal 1318. The housing 1312 has an upper conduit 1322 near a proximal end with a 
circular opening 1324 that is preferably adapted to receive a medical mptement such as a syringe 1326 partially 
shown in phantom in Figure 40. The body 1312 has an upper side wall 1330 distaHo the upper conduit 1322 that 
is desirably circuJafin cross section with a diameter larger than the diameter of the circular opening J 324. The body 
1312 has a lower side waO 1332 distal to the upper side wall 1330 with a diameter larger than the diameter of 
the upper side wall 1330. A middle conduit 1338 is advantageously formed between th$ upper side waD 1330 and 
lower side wall 1332. The upper side wall 1330 is .advantageously tapered from the upper conduit 1322 to the 
middle conduit 1338 and the lower side wall 1332 is advantageously tapered from the middle conduit T33B to a 
distal snd 1340 of the housing 1312. Ihs middle conduit I338has a .diameter larger than the diameter of the upper 
conduit 1322 and smaller than the diameter of the distal end'1340 of the housing 1312. 

The support member 1314 has at its distal end an.inner conduit (not shown) which may be connected to 
a terminalof a catheter (not shown). The support member 1314 serves as a support and attachment device for the 
upper and tower seals 1316, 1 3 IB by holding the seals 1316, 1318 in place inside the internal cavity 1 346 of the 
housing 1312. 

The upper and lower seals 1316, 1318 are prepared from a resilient material that is flexible, inert, and 
impermeable to fluid, such as silicon. Tha upper seal 1318 has a seal cap 1 350 with a generally flat top surface 
1352, a shoulder 1354, a side wad 1356, and a base 1358. The side wad 1356 advantageously is comprised of 
ringed wall portions 1360 whief) deform in an accorifomJfoe fashion and assist in the reformation of the seal 1316 
to enclose the housing opening 1324 upon withdrawal of the syringe 1326. During compression of the upper seal 
1318, the diamBter «f the ringed wafl portions 1360 expand outwardly in the radial direction. The interior ef the 
upper seal 1316 is hollow to provide an upper mner cavity 1362. as best seen in figure 28. The shoulder 1354 
engages an supper todge 1366 provided ;in the Upper conduit T322 of the housing 1312 such that the upper ledge 
1366 confines the movement of the shoulder 1354 toward the opening 1324 to prevent the upper seal 1316 from 
being *lown through the opening 1324 under high pressure m the upper inner cavity 1362 of the seal 1316, 

The seal cap 1350 of the upper seal 1316 reseals m the valve 1310 at ttie opening 1324 with the top 
surface 1352 of the seal 1316 ftosh with or above the opening 1324 upon removal of the medical implement 1326. 
The seal cap 1350 substantially fills the opening 1324 m the top of the upper conduit 1322. It is preferred the 
top surface 1352 be exposed after assembly so. that it may be swabbed with alcohol or other disinfectant. The seal 
cap 1350 : of the upper seal 131 6 desirably has a unique shape with \b precut slit 1370 such that the seal cap 1 350 
is squeezed shut by the opening 1324 when assembled and the slit 1370 opens automatically during compression. 
The seal 1316 desrcably also includes a pressure responsive member 1372 to further assist in creating a fluid-tight 
seal in the (decompressed state. 

As shown in figures 28 and 29, the lower. seal 1318 desirably is generally similar to the upper seal 1316. 
The tower :$eal has a similar seal cap 1380 with a generally flat top surface 1382. a shoulder 1384, and a side wall 
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1386. The side wall 1386 defines a lower inner cavity 1390 and may include similar ringed wall portions (not 
shown), the seal cap 1 3%D is disposed at the middle conduit 1 338 at the decompressed state and reseats the lower 
inner cavity 1390 at the middle conduit 1338 upon removal of the medical implement 1326. The fewer inner cavity 
3390 forms a fluid space of the yarve 1310, being in fluid communication through the fewer conduit (not shown) 
to, e.g., a catheter toot shown). The valve tomponents are configured and dimensioned to assist m causing the fluid 
space to increase upon insertion of the medical implement 1326 and to decrease upon withdrawal of the medical 
implement 1326. 

The seal cap 1380 advantageously provides a fluid tight seal having a shape and a pre cut slit 1394 similar 
to those of. the upper seal 1316. The lower seal 13TB -also includes desirably a pressure responsive member 1396 
similar to the pressure responswe member 1372 *f the upper seat 1316. The components of the lower seat 13TB 
are generally larger than those of the upper seal 1316 because of the geometry of the valve housing 1311 

To fltostrate valve activation. Figure 29 shows fte compressed state of the valve 1310 upon insertion of 
the syringe 1 326. The syringe 1 326 is placed on the upper seal cap 1 350 inside the opening 1 324 of the housing 
1 212. The application of pressure v on the syringe 1 326 creates ipressure on the seal cap 1 330, and the resulting 
downward pressure compresses the tipper seal 1316. This pushes the seal cap 1350 away from the circular opening 
1324 and toward the middle conduit 1338 at a region with a larger inner diameter, t hereby allowing the*precut slit 
T370 to open. Ihe downward movement is facilitated fcy (he compression of the ringed wall portions 1360 off the 
side waT1 1356 of the -upper ;seal 1316. The downward ;force is transferred to the lower seal 1318 tfuough the base 
1358 of the upper seal T3 16 which cooperates with the seal cap 1380 of the tower seal 1318. The application 
of the pressure pushes the lower seal <rap 1380 away from *ha middle conduit 1 338 and toward the lower portion 
of the housing 1312 which has a larger inner diameter, thereby allowing the precut slit 1394 to open. Fluid is now 
able to flow into the syringe 1326. or vice versa, depending on whether fluid is to be withdrawn from the patient 
or medication injected into the patient, figure 29 shows the valve 1310 opened by insertion of the syringe 1326 
into the opening 1324. 

In the compressed state shown in figure 29, the fluid space generally .contract under pressure 1rora the 
decompressed state shown in Figure 28. Upon removal of the syringe 1326 from the upper conduit 1321 as shown 
in figure 28, the upper and lower seals 1316,1318 are free. to move toward their decompressed states. The 
movement normally would cause a general expansion of the fluid space. However, because of the fluid 
communication between the upper inner cavity 1 362 and lower inner cavity 1 330, and the closing of the precut sfit 
1394 of the lower .seal 1318 upon compression, a decrease in volume results in the lower ?mner cavity 1390 . of the 
valve 1310. The decrease in ihe fluid space advantageously generates a positive flow from the valve 1310 through, 
e.g„ a catheter tip (not shown) to eliminate dead space. Advantageously, any dead .space within the upper inner 
cavity 1362 is also minimized since, as the syringe 1326 is withdrawn, the slit 1370 remains open untfl the very 
end,ie., untBithe seal tap 1350 is squeezed by the circular opening 1324 at the top of the upper conduit 1321 
The elimination of backflash is particularly advantageous™ the case where the valve 1310 is connected through a 
catheter to a patient, .because it prevents the introduction of blood into the .catheter. 
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As the upper seals 1316 is free to move to its decompressed. state, it Essentially fifls the circular opening 
1 324. Tha ability of tapper seal 1316 to return revers&fy to its decompressed state, together with the resiency 
of the lower seal .131 1 permits the reuse of the valve 1310. following discorurectton, and before reuse, the surface 
1352:of the seal cap 13 16 . is essentially flush with the opening 1324 of the housing 1:312. Thus, this 'flush surface 
1352 can advantageously be sterilized with alcohol orother surf ace decontarranating substances. A cover cap Knot 
shownl can further be used to fit over the upper conduit to protect the surface 1352 ol the seal cap 1350. 
fourteenth Embodgnent 

A fourteenth embodiment of a valve 1410 of ;the present invention « illustrated an Rgures.30 and 32. and 
comprises a vah/e body or housing 1412; * seal 4414, a piston 1416, ; and a spring 1418. The nousing 1412 has 
an .upper conduit 1420 near a proximal *nd whh a circular opening 1422 that is preferably adapted to receive a 
medttaliimplement such as a syrmge 1423 partially shown in phantom in Figure 3a The housing 1412 has a side 
conduit.1424 which is connected to a .fluid fine such as a catheter Inot shown). Disposed in a lower chamber 1426 
of the housing 1412 is the spring 1418 supporting the piston 1416 which bears against a distal end 1430 of the 
seal 1414 disposed in an upper chamber 1432 of thehousing 1412. The tower chamber 1426 of the housing 1412 
advantageously includes an orifice 1434 for venting the air therein to facilitate movement of the spring 1418. The 
upper chamber 1432 and lower chamber 1426 expand and contract according to the movement of the piston 1416 
underpressure from the seal 1414 and the spring 1416, The housing 14 12 advantageously includes a side aperture 
1438 additional fluid to be transferred to the patient 'through the upper chamber 1432 and side conduit 1 424 when 
necessary. 

The seal 1414 has seal cap 1442 with precut sSt 1444, a shoulder 1446, and a pressure responsive 
member =1448. Theseaiftasa side wall 1450 which defines an inner cavity 1452 and has the distal end 1430 that 
cooperates with the piston 1 4 1(5 f or efficient transfer of prezsmts between them. Near the distal end 1430 of the 
seal 1414 is desirably e transverse fluid passage 1456 for fluid communication between the seal 1414 and the upper 
chamber 143Z Although figures 30 and 32 iustrate that the transverse -fluid passage 1456 also facilitates ;f hiid 
flow between the side aperture 1438 and the side conduit 1424, it need not do so if fluid can flow around the seal 
1414 in the upper chaniber 1432. The upper chamber 1432 and the inner cavity 1450 of these^l 1414 forms the 
fluid space iof the valve 14 10. 

figure 31 lustrates compression and Frgure SOfllusttated decompression during valve activation. In the 
compressed state, the syringe 1423 is placed on the seal cap .1442 inside the opening 1422 of the housing 1412 
and the application oi pressure on the syringe 1423 createlpressure on the seal cap fJ442. The downward pressure 
pushes the s eal cap 1442 iway from the circular opening 1422 and toward the lower portion of the housing 1412 
which has a larger inner diameter, thereby allowing the precut slit 1444 to open. The side waO 1 450 moves further 
into the upper chamber 1432 and pushes the piston 1476 downward against the spring 1418, which is compressed, 
storing potential energy of the tompressioh. Fluid is able to flow into the syringe 1423, or vice versa, depending 
on <whether fluid is to be withdrawn -from the patient or medication injected into the patient The compression of 
the seal 1414 shown In Figure 42 generates a net gain or increase in volume of the fluid space of the valve 1410. 
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Figure 30 BTustrates the vaive 1410 after withdrawal of the syringe 1423. The seal 1414 returns to its 
decompressed state and essentially fiOs the opening 1422, and the piston 1416 moves bacfe to its ; decompressed 
position as the spring 1418 releases its potential energy. Because of the contraction of the tipper chamber 1432 
of the housing 1412, there is a net loss in fluid space, resulting une positive flow trom the valve HID through, e.g„ 
a catheter tip faot shown). The positive^iow valve 1410 advantageously eliminates any dead space during 
decompression of the seal 1414. This is further assisted by the seat 141 with the slit 1444 remaining open until 
the very end, le,, unti the seal cap 1442 is squeezed by the circular opening 1422 at the top of the upper conduit » 
1420. 

In addition, the valve 1410 can be reused because the seal 1414 can return reversibiy m the decompressed 
state. The seal surface 1460 is also swabbable for sterflity. Other features of the valve 1410 are discussed 
previously in connection with the earlier embodiments of this invention. 
Additional Embodiments 

Additional embodiments of the present invention <are contemplated without departing from the spirit and 
scope of the present invention. For instance, the volume inside a straight tubing contracts when the tube is bent 
Thus, one vatve embodiment valve may have a fluid space inside a straight tubing which bends upon insertion of a 
medical implement and reforms upon withdrawal of the medical implement, thereby effecting positive flow. 

In addition, many of the ringed side wall of the seats (such as the -portions 1 360 of the seal 1316 of figure 
28) can be replaced by circular ikes 1580 stacked in series one tin top fii ah adjacent larger-diameter lower tire, 
as illustrated in Figure 32. The circular tires 1580 are preferably sold throughout the diameter ol the cross- section 
thereof, like the ringed side waD portions 1360, these circular tires 1580 Will deform and reform upon, respectively, 
compression and decompression of the seal 
Conclusion 

In the embodiments described above, the fluid space inside the valve increases upon insertion of a medical 
implement in the compressed state and decreases upon withdrawal of the inedfcal implement in the decompressed 
state. In some embodiments, the structure Mining the fluid space is substantially relaxed and does not store 
substantial amount of potential energy. Insertion of the medical implement causes ;a change in the structure that 
allows it to store potential energy. The potential energy is released upon withdrawal of the medical implement and 
the structure returns to a substantially relaxed condition. In other embodiments, at least some components of the 
structure defining the fluid space stares potential energy under strain or deformation. Upon insertion ot a medical 
implement in the compressed state, the potential energy in those ^components is released and is stored in other 
components of the structure or in another form, the stored 'potential energy tn the compressed .state is released 
when the medical implement is removed, and the anginal potential energy is restored in the structure. 

The. above presents a description of the best mode contemplated of carrying out the present ^invention, and 
of the manner and process uf using it, in such full .dear, concise, and exact terms as to enable any person skilled 
in the art to which it pertains to make and use this invention. This .invention is, ihowever, susceptfole to 
modifications and alternate constructions from that tfsaissed above which are fully equivalent, in particular, many 
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of the features of the cthoenifing appfeattons, serai nos. and can be incorporated into the present invention, and 
these app&ations are incorporated herein by reference. The ejiibodimerrts described .are meant to be 51ustrative «nd 
not exhaustive. Consequently, it is not the intention to firmt this invention to the particular embodiments ifccfosed. 
On the contrary, th* intention b to caver afl modifications and alternate constructions coming within the spirit and 
scopeiof the invention as generally expressed by tte*oltowing claims, which particularly point out and distinctly claim 
the subject matter of the invention. 
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WHAT fS CLAIMED ?1S: 

1. A method of causing a positive flow pf fluid through 3 catheter tip automatically upon 
disconnection of a first medical implement from a valve having a housmg with a movable element therein for 
controlling the flow of fluid through said housing, said element defining a fluid volume within said housing and said 

5 valve in communication with said catheter tip, comprising the steps of: 
disconnecting said fast raedical implement from said valve; and 

moving said movable element to a position in which fluid flow between said valve and said implement is 
prevented; 

decreasing the fkrd volume within said valve (loosing; and 
10 forcing fluid from said housing towards Said catheter tip. 

2. The method in accordance with Claim 1, wherein said movable element comprises a resilient seal 
positioned in said housing, said seal having a first end having a passage therethrough and a second end defining 
therein a fluid containment area, and wherein said moving step comprises allowing said seal to expand to a position 
in which said passage therethrough is occluded. 

15 3. The method in accordance with Claim 2, wherein said decreasing step comprises allowing said teal 

to contract and reducing the she .of said fluid containment area. 

4. A medical valve for controlling the flow of fluid between a medical implement and a catheter tip 
of a catheter, said valve comprising a body having a cavity in communication .with <s&id catheter tip and an opening 
20 adapted to receive said medical implement, and a seal positioned within said body and movable between a first 
position in which said seal obstructs fluid flow through said body and a second position in which fluid How is 
permitted through said *body, said cavity including a fluid ipace which automatically and reversibly increases in sire 
when said seal is moved to said first position and which com acts in see when said seal h moved to said second 
position. 

25 5. The medical valve in accordance with Claim 4, wherein said seal has a first lend and a Second end 

and a passage therethrough, said passage occluded when said seal is in said first position. 

6. The medical valve in accordance with Claim 4, wherein said body has a proximal end and. a distal 
end, and wherein said seal moves d'rstaliy within said body to said first position when said medical implement is 
inserted through said opening. 

30 7. the medical valve in accordance with Claim 4, further including biasing means for biasing said seal 

into said second position. 

8. The medical -valve in accordance with Claim 7, wherein said biasing means comprises a spring. 

9. The medical vatve in accordance with Claim 1, wherein said biasing means comprises a jesifierit 

element 

35 1£L The medical valve in accordance whh Claim 7, wherein said seal has a first second and a second 

section, said first section having a passage therethrough which is open when said seal is in said first position and 
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closed when said seal is in said second position, and wherein said seal includes a second portion defining a fluid 
containment area. 

1 1. The mSdical valve in accordance witbHteim Ifl. wherein the volume of said fbjid.coniainraentttrea 
is greater when said seal is in said first position than when said seal is in said second position, 

1 2. The medical valve m accordance with Claim 11 , wherein said second portion of said seal comprises 
a first part which expands when sard seal is compressed and a second part which contract when said seal is 
compressed, said first part expanding by an amount which causes the fluid containment area to increase by an 
amount greater than an amount by which said fluid containment area decreases upon said contraction of sajd second 
part 

13. A positive-flow medical valve comprising a body including a wafl structure defining an internal 
cavity having a proximal end and a distal end, said proximal end having an opening sufficiently large to receive a 
delivery end of a medical implement which transfers f bid through said delivery end: 

a resilient seal which is adapted to ibe moved into a compressed state upon insertion of a delivery ,ehd of 
a medical implement into said opening and returns to a decompressed state upon removal of said delivery end, said 
seal in a decompressed state having a section which fffis essentially completely a portion of said cavity adjacent said 
opening, with said seal section bearing against said wall structure near said opening to seal said opening, and in a 
compressed state said sea) section being pushed by the delivery end of the medicat implement >away from said 
opening and into said cavity, said seal having -a hollow interior and including ,an orifice in said seal section which is 
open in a resting state but is kept dosed by said opening in said decompressed state; 

a fluid space deluding at least a portion of said hollow interior and disposed at least partially in said cavhy; 

and 

a flow control member which reversibly contracts said fluid space in ;satd decompressed state and expands 
said fluid space in said compressed state. 

14. The valve in accordance with Claim 13, wherein said 
flow control member comprises a portion of said seal. 

15. The vadvein accordance with Claim 1% further including means for biasing said seal towards said 
decompressed state. 

16. The valve in accordance with Claim 15, wherein said means comprises a spring. 

1 7. The valve in accordance with Gaim 15, wherein said means comprises a pair of cross-members. 

18. The valve in accordance with €fcmn 13, wherein said .wall is movable and said fluid space 
comprises partly, said cavity defined by said walL 
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UNITED STATES DISTRICT COURT 
CENTRAL DISTRICT OF CALIFORNIA 
SOUTHERN DIVISION 



ICU MEDICAL, INC., a Delaware 
corporation, 



Plaintiff, 



vs. 



ALAJRIS MEDICAL SYSTEMS, 
a Delaware corporation, 



Case No. SA CV 040689 AHS (RNBx) 

DECLARATION OF S. CHRISTIAN 
PLA TT IN SUPPORT OF ICU 
MEDICAL.MC.'S EXPARTE 
APPLICATION FOR A 



ORDER AND ORDER TO SHOW 
CAUSE WHY PRELIMINARY 
INJUNCTION SHOULD NOT 
ISSUE 



Date: 



e: 



For the Court's convenience, Figures 1^12 from the Declaration 
of Maureen Reitman, Sc.D., are duplicated herein. 
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I, S. Christian Piatt, declare and state: 

1 . I am an associate at the law firm of Paul, Hastings, Janofsky & * 
Walker, LLP, attorneys for Plaintiff ICU Medical, Inc. in the above-referenced 
matter. I submit this affidavit in support of Plaintiff ICU Medical, Inc. 's Ex Parte 
Application for a Temporary Restraining Order and Order to Show Cause Why 
Preliminary Injunction Should Not Issue. I have personal knowledge of the facts 
stated herein and would so testify if called upon to give testimony an this action. 

2. For the convenience of the Court, duplicated in the following 
pages are Figures 1-12 from the Declaration of Maureen Reitman, Sc. D. in Support 
of Plaintiff ICU Medical, Inc.'s Ex Parte Application for a Temporary Restraming 
Order and Order to Show Cause Why Preliminary mjunction Should Not Issue. 

3. Figures 1 -7 of the SmartSite are duplicated below: 
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I declare under penalty of perjury that the foregoing is true and correct. Executed 
on June 18, 2004 at San Diego, California. 




S. Christian Piatt 
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IICU Medical, Inc. 



March 6, 1997 

Food and Drug Administration 

Center for Devices and Radiological Health 

Office of Device Evaluation 

Document Mail Center (HFZ-401) 

9200 Corporate Blvd. 

Rockville, Maryland 20850 

Attention: Document Control Clerk 

BE: Revise Intended Use for Clave Connector 

In compliance with the provision of Section 51 0(k) of the Act, ICU Medical, Inc. hem 
notifies {he Food and Drug Administration of the revised intended use of the Clave 
Connector manufactured by ICU Medical, Inc. in San Clemente, California. 

The Clave Needleless Connector is considered by ICU Medical to be substantially 
equivalent to other products in commercial distribution. 

This letter and the accompanying documentation constitute complete pre-market 
notification submission required under i51;0(k) of the Act. 

We consider our intent to market this device as confidential information and request 
that itibe considered as such by the FDA. 



Regards, 




ArteneOutchik 
Regulatory Affairs Specialist 
ICU Medical, Inc. 
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Contact Phone: 
Contact Fax: 



ICU Medical inc. 
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San Ciemente, CA, 92673 
Arlehe Putctvik 
714-366-2183 
714-366-8368 
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1 . GENERAL INFORMATION 



1.1. Applicant 
Date: 
Name; 
Address: 



Contact Person: 
Phone Number 



March 6, 1997 
ICU Medical Inc. 
951 CaJIe Amanecer 
San Clemente, C A 92673 

Aflene Dutchik 
(714) 36£-2183 



Signature: 




1.2. Trade Name 
Clave Connector 

1 .3. Common Name or Classification Name 
IntravasctJlar Administration Set 

1 .4. Establishment •Registration Number 

025816 

1 .5. Facility Address 

Manufacturer Address 
ICU Medical Inc. 
951 Caile Amanecer. 
San Clemente, CA 92673 

Contract Sterilizer Address 
tsomedics 

43425 EBusiness Park Dr. 
Temecula, CA 9259Q 
jRegistration Number 2030624 
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.1.6- Section =5 13 Device Classification 

1,6.1. Classification 

Devices of this type have been classified as Glass II medical 
device per 21 CFR 880.5440, Intravascular Administration 
$et (80FMG), 

1.7. Reason for Premarket Notification 

Revise the intended use as an accessory to Intravascular 
administration set for the administration of fluids to a patient 
through a cannula placed in the vein, artery of abdomen 

1.8. Predicate Gtevice Description 

1.8.1. Name 

1VAG Needle Free Valve Administration Sets (SmartSite™) 

1.8.2. Predicate iDevice Company 
iVAC, Inc. 

1 .8.3. -Predicate .Device 51 0(k)# 
K960280 

1.9. Special Controls/Performance Standard Compliance 

ICU Medical ilric, knows of no published standard(s) pursuant to the 
requirements of Section 5 1 4 of the Act that are applicable 1o this 
product 

2. STATEMENT OF JNTENGED USE 

The ICU Needleless Connector is a single use, sterile, horhpyrogenic 
device iintended for use as an accessory tp Intravascular administration 
set for the administration of fluids to a patient through a cannula placed in 
the vein, artery or abdomen. 

3. DEVICE LABELING 



3.1. ©eyice Labels 

Carton Label (see Appendix A) 

Primary iPackage Label (see Appendix A) 
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3.2. Labeling 



Instructions for use are printed on the Primary Package (see 



Appendix B). 



3.3. Advertising 



Promotional Material ( see Appendix D), 



4. SUBSTANTIAL EQUIVALENCE INFORMATIpN 

4.1. EquivaJent Device information 

Name: IVAC Needle Free Valve Administration Sets (SmartSite™) 
Status: Currently in commercial distribution 
5T0(k) #: K960280 
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4.2. Comparative Information 




Pr^uct Labeling 



Sterile Use, Non- 
Pyrogenic, Sterile fluid 
pathway in unopened, 
undamaged package. 
Directions for use on 
labeling. 



Sterile Use, Directions 
for use on labeling 



Intended Use 



Needleless injection port 
to access any 
intravenous, arterial or 
peritoneal teg 



Needleless valve (luer 
lock) 



Design 



One piece design 
activated toy luer 
connection to -allow fluid 
flow. 



One piece design 
activated fey luer 
connection to allow fluid 
flow* 



Materials 



Internal Conduit- 
Polycarbonate 
Rousing^Polyester 
Silicone Seal-Elastic 
Ring^Potypropylene 
Lubericant-Flurosilicone 
Breather Cap- 
Polypropylene 
Packaging-Medical 
packaging grade fiber- 
free pfcelable paper 
lidding and .pouching 
material. 



'Unknown 
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4.3, Comparative Performance Testing 




Luer Retention (Ibf) 11.7^1.7 i 115/3:0 
Leak Pressure (psiq) 23.5/1.1 57.4 /173 

Lipid Reactivity No cracking after 72 No cracking after 72 

I hours I hours 



4.4. Gomparative Information 

Sample Size Justification: sample sizes were selected to provide sufficient data 
points for calculation statistical parameters. 

Sample size of n=60 for the ICU device was selected to provide sufficient data 
points to define a distribution of performance values. 

Sample size of n-12 for the SmartSite device was selected due to limited access 
of competitor device. 

Testing Methodologies: 

1 . Fluid Flow: samples were tested with water at room temperature for fluid flow 
into a graduated cylinder When subjected to 36" head height backpressure, 

2. Luer Retention: samples were tested by inserting a male luer slip into the 
proximai iend port of the test sample at 5-5 lbs. Insertion force and $0 " twist 
using push/pull force gage. Verify luer slip is retained in the test sample. 

3. Leak Pressure: samples were tested up to 25 psig for leakage using water at 
room temperature and a fluid pressurfeation vessel. 

4. Lipids / Alcohol Reactivity: samples were exposed to 20% lipids solution [for 
24 hours and observed for cracking of material. The samples were observed 
for 72 hours for presence of material cracking. 
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4.5. Change or Modification Information 

Revise the intended use as an accessory to Intravascular 
administration set for the administration of fluids to a patient 
through a cannula placed in the vein, artery or abdomen. 

5. PREDICATE DEVICE LABELING 

5.1. Labels 

Predicate device labeling and Directions for use is included in 
Appendix!. 

5.2. Advertising and Promotional Materials 

Predicate device advertisement and promotional material is 
included in Appendix J. 

6. DEVICE SPECIRCATIONS 



6. J. Description and Engineering Drawings 

The Clave Connector is single use, sterile and nqn pyrogenic 
device intended for use as an accessory to Intravascular 
administration set for the administration of fluids to a patient 
through a cannula placed m the vein, artery or abdomen. 

The Clave Connector is provided sterile, in medical device grade 



components: 
1. Intemai Conduit 
Hbusing 
Silicone Seal 



2. 
3. 
4. 
5. 
6, 



Breather Cap 
Lubricant 



Polycarbonate 

Polyester 

Silastic 

Polypropylene 

Polypropylene 

Ffurosiljcone 
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7. 



6.2. Voluntary Standards Conformance 

There are currently no mandatory FDA Performance Standards for 
Intravascular Administration Sets. 

MATERIAiyBIOCOMPATfBUJTY INFORMATION 

7.1. 





|^^^^^^^^ 






Internal 
Conduit 


Polycarbonate ; 


Blood Path 
Indirect/Prolonged 


Pass 


Housing 


Polyester 


Blood Path 
Indirect/Prolonged . 


Pas$ 


Silicone Seal \ 


Siliastic 


Blood Path 
Indirect/Prolonged 


Pass 


Lubricant 


Rurosilicpne 


Blood Path 
Indirect/Prolongied 


Pass • 

< 


Breather 

Cap . I 


Polypropylene } 


Non-Contact Device 


N/A 


Wing 


Polypropylene j 


Non-Contact ^Device 


N/A 



8- STERILIZATION INFORMATION 

The CLAVE Connector is provided sterile. The CLAVE Connector may be 
sterilized using radiation or ethylene oxide, 

8.1. Sterilization Method 
RADIATION 

Radiation Dose: 2.5 to 4.0 rnegarads 

8.1.1. Validation Method 

The methods used to validate the sterilization cycle for the 
devices are based on the practices recommended by the 
Association of the Advancement of Medical Instrumentation 
{AAMI), Process Control Guidelines for Radiation 
Sterilization, of Medical Devices (1391), Method 1, Pre 
.sterilization Bioburden levels will be determined based upon 
Bioburden testing conducted on 10 samples for each of 3 
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Bioburden testing inducted on 10 samples for each of 3 
dfff erent production lots. Bioburden testing will be 
conducted by a contract laboratory per established 
procedures. The mean and standard deviation of the CFU 
counts of the test samples will be reported. A Sub-process 
dosage shall be identified using Table 7 in the AAMI 
" - Process Control Guidelines for Radiation Sterilization of 
Medical Devices (1991), Method 1 . The verification dose 
representing an SAL = 10* for the bioburden level shall be 
identified as the Sub-process dosage. A minimum of 100 
samples shall be exposed to the Sub-process dosage{± 0.1 
megarad or ± 10%, whichever is greater). 

Successful corn potion of the verification dose exposure 
requires recovery of;no more than two (2) positive cultures 
from a minimum of one hundred(tOQ) products treated at , 
that dose. 

This validated dosage shall be audited 4 times per year to 
assure continued suitability. 

8.2. Sterifization Method: ETHYLENE OXIDE 

8.2.1. Validation Method 

Devices will be sterilized the with ethylene oxide to achieve a 
sterility assurance level of 10^. The sterilization load must 
be validated to assure adequate aeration to achieve residual 
level of £ 25 ppm for EtO and EtCH: the residuals level for 
EtG will be £ 250 ppm. The sterilization cycle is validated in 
accordance with the requirements of ANSl/AAMI/lSO 11135, 
"Medical Devices, Validation and Routine control of Ethylene 
Oxide Sterilization, The half cycle approach consists of a 
total three :(3) fractional half time exposures and (3) full time 
exposure runs. Cycle parameters are selected following a 
review of the product/padkaging characteristics including 
complexity of the product resistance to permeation of the 
sterilant gas, permeation properties of the packaging, 
fcidburden level, |rodu^^ . 
desired SAL (10 ;) to be achieved. Sublethal exposure runs 
utilizing graded population spore strips embedded into the 
documented reference product will toe run. Fractional 



aM*975»0W»»» ATTORNEYS 

ICU-OH4872 



ICU v. Maris, CA 04-0689 AHS(VBKx) - ATTORNEYS' EYES ONLY 



JCU-A 088272 



ICV Medical Inc. 51 0(k) Notification 

CLAVE CONNECTOR * Page 12 of "23 



positive/negative response will be used to document the 
comparative resistance of Biological Indicator (Bl) challenge 
configurations and finished product Comparative resistance 
data will be used to support the appropriateness of the Bl 
system employed and to verify the sensitivity of the sterility 
test methods selected. 



8.3. Sterility Assurance Level (SAL) 

The device shall meet a Sterility Assurance Level (SAL) of 10* 
when sterilized using either sterilization method (radiation or 
ethylene oxide). 

8.4. Sterile Packaging Description 

The device uses a fonn-fill-sea] thermoplastic pouch and waxed 
paper lidding material. The bottom material (StarTex C-fitm ) is a 
fiber-free clear film. Theilidding material (Gfiver 29HP-1Q) is a 
fiber-free, peelable paper lidding that fprovides a strong, breathable 
substrate. 

8.5. Pyrogen Testing 

Each product lot shall be tested using Limulus Amebocyte Lysate . 
(LAL) Testing. Testing is performed by a contract laboratory 
following the guidelines set forth by the Food and Drug 
Administration in Guidelines on Validation of the Limulus 
Ameboytte Lusate Test as End Product Endotoxin Test of Human 
and Animal Parental Drugs, Biological Products and Medical 
Devices (1987). 

This device is not intended for sterilization or reuse/re sterilization 
by the user. 

9. SMDA INFORMATION 

9.1. 510(k) Summary 

A 510(k) Summary is included in the appendix H. 

9.2. Taithful / Accurate Statement 

A Truthful and Accurate Statement, as required by 21 CFH 807.87®, is provided 
!in the Appendix E. 
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TO. Appendix A. Device/Packaging Labeling 



Device Label 
CLAVE© m»ati»« Coiwaor wtth gjow nm* 

Catalog Ho. C1000G . • 
5 LuerUck Use Ascptc Technique 
0- Stwte, hlon-pyfogera: \X pan ^unopened 




P Cwtonc fc<8er*(USA) jm nana* eh dcvica to 
sale by crpntf* ofe^d I Ctyscan. 

ni« n Ko r ro cno eo «ar y» cwe be cfcanydpg X3J UmdtoA tna 

COCGwdejteorper-«*ca«aJa^pfl«scot wcMAm 

v Q. See Krecuorei tor Use. teia»rw««.C*«2fta 

■Stngto U— Olily. Do raii *i* f 9rm\ (aca)G*~TOO 

PJTO«T5?SNiD>NG P1-3BJ1M A 



Master Carton Label 




CLfWE CONNECTOR WITH GLOW RING 




CONFIDENTIAL 
ATTORNEYS EVES ONLY 

aV0&97S10kciav9 

ICU-OH4874 



ICU v. Alans, C A 04-0689 AHS(VBKx) - ATTORNEYS' EYES ONLY 



)ICU-A 088274 



ICU Medical Inc. 
CLAVE CONNECTOR 



510(k) 'Notification 
Page 14 of 23 



1 1 . Appendix B.. Directions for Use 



Cta»V« NNdWw W Comwetbr 
CXtiogMo. C1000 4 C1000Q 



MattLlMf 



'FsmatoLuar 




To Psttojit . 



DIRECTIONS FOR USE 
1. Peel open package at designated and and 
remove protective cap. Use Aseptic Technique. 




2. Attach tuer of jcatheter or extension set to rear 
of Clave"* Connecter. 
Prime perfaeffity^rotocof. 
.3. Swab silicone seal on top of paye^ 
Connector per facility protocol. Do Not 
'Contaminate. 




4. Attach male end of IV tubing or syringe to 
Clayey Cormector. To secure - push- and twist 
unta tight Do Not Use Needle*. 

5. To disconnect, twist IV connector or syringe 
until loose aod pull apart Do not remove 
Pave^iConnectertrom patients catheter of 
tubtng. 

a «ush Cfeve^ Connector after each use Der 
facility protocol 

7 ' ^^^'Connector Isjdosed. No capping Is 

necessary. 
8. To (reconnect, repeat 1 rem stepa. 



Tike OmTCohnecter H compete with the 
f oOowing oW»» containing male h*ra. {As of Nov, 



ADMINISTRATION AND PUMP SETS (Aft-Standard 
boresets) 

Abbott laboratories* .Baxter JVAC 

ChurthOI Medea! Systems Secure IMED 
McGaw.lnc. Medex MPS 

CodanMedloo Block 3M 

'Excep t En ergizer and Snap Dose sets 
tAitNSJON SETS {Standard bore and MInibore - 
sets) 

Abbott Laboratories Baxter 3M 

Summit Medical McGaw, Inc. TVAC 

GltMrchJn Medical Systems Medex IMED 
AoVanced Medical Devices 
CodanMediOn 

BC 591 Minibbre. M/F LLckmp. 7* 
MPS 

EG«WW)1 Minibore, M/F LL damp, 60" 
EXTENSION SETS {Mkrobore s.U) 
Advanced Medical Devices Summit Medical 
Baxter 

IM8516 Ultra-MJcrbbore, M/F tL, filter, damp. 60" 
IMB522Ultra^tcrobore, M/F=tU rater, clamp, 60" 
ilM8521 Mlcrobdre,M/F LL, 36* 
IM«511 Uttra-Micrbtore, M/F LL. (50" 
IM6510 tntra^icrbbore,:M^U. 3fi* 
WPS 

BM&yQS imra4M1crooore, M/FU, filter. SO" 
EA^KO^VUltra-Mlcrobore^ damp. 60" 

EAr03fr0l Ultra^icrobcre. M/F LL36" 
€BtO60-0T Mierobore, M/F LL. damp. 60" 

Churchill Medical Systems 

AMS-761 Mtcrcbore, M/F Lt, damp. T 
AMSrW Micropore. WLU damp. 36" 

SYRJNGES/PREF1LLED SYRINGES 

Abbqject Moooject Sotopak 

Terumo Becton Dickinson (BD) 

:Carpuject!(wlth ICUMedicarsCS^O) 

CAUTION: The Clave** Connector b not compatlbf • 
with every device containing mate hjers. 0 0 NOT 
ose any devfee containing a male W with me 
Clave* Connector unless m$ on the above list or 
you bare recWvad written verfBCatlon of Ba 
compatibflBy from ICU MedtcaL PWaae eatl (3001 
824-7890 for verification. 

Sterile, Non-Pyrogenic fluid path In unopened, 
undamaged package, 

DO NOT USE NEEDLES 
SINGLE USE ONLY - DO NOT RESTSUUZE 
Catmon: Federal (USA) law matnets this device to 
sale by oron the order, of a physician. It is 
recommended'that thb devfce be changed per CDC 
Guidelines (24 to 46 rwun) or per validated facility 



ICU MEDICAL, INC 
951 Calte Amanecer 
San:Oemente. CA 92673 
(714)366-21*3 (800)824-7890 
iPaterits Pending 
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12- Appendix C. Indications for Use 

The ICU Needleless Connector is a Single use, sterile, non-pyrogenic 
device intended for use as an accessory to intravascular administration 
set for the administration of fluids to a patient through a in 
the vein, artery or abdomen. 



• c 
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1 3. Appendix D. Promotional Material 
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14. Appendix E. Truthful and Accurate Statement 

PREMARKET NOTIFICATION 
TRUTHFUU AND-ACCURATE STATEMENT 
(As Required By 21 CFR 807,1 



S r ' m "^ capacrty as Regulatory Affairs Specialist of ICU MEDICAL, 
INC. I believe to the best of rny knowledge, that all data and information 
submitted in the Premarket notification are truthful and accurate and that no 
material fact has been omitted. 




Ariene Dutchft 
Position: Regulatory Affairs Specialist 
Date: March 6, 1997 
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EXPERIMENTAL MICROBIAL 

: ' CHALLENGE 
AND DECONTAMINATION 
OF CLA VE™ CONNECTORS 



aaivattons, and effective decontamination of dx 
Gave 7 " Connector was achieved in 100% of the 
devices lazed 

• After multiple and prolonged activations, the 
Gave 7 * Connector was able to maintain its sterile 
harrusrwhen challenged by immersion into a tO X 
ICT /ml nominal population suspension of 
Piatdamrtnas ^mifM^ 



PAUL A. GIBILISCO, MJX F JLCP„ F-A.CJL 
GREGORYS. PAGE 

Objective: To ascertain whether a dotal system, 
needleless IV device, the Clave*" Connector, when 
microbudogicaliy challenged, can be thereafter 
decontaminated with >5% Isopropjl Alcohol and 
maintain a sterile barrier. 

Design: Exper im ental protocol simulating clinical 
pra ctic e, 

Setting: Contract Qtality Assurance CLP/GMP 
Microbiology .Laboratory, Laboratory Services, 
Monrovia, CA. 

Challenge Organism: ftgtffongmy. 

m the first experiment, the nomimal population of 

the inoculum utilized was LO x W/mk and tn 

the second experiment, the nomimal population of 

'theiimmersion pool was a LO x ICf/ml suspension. 

Note: 'hexdomanat aerwpnma was chosen for its 

motility 

Results: 

• No positive csdturestf^ 

were observed following each of the 20 activations 
of the maculated and thereafter decontaminated 
Clave™ Connectors. 

• No positive cultures were observed m Clave*" 
Connectors after. a Continuous 72 hour engagement 
period, followed by an additional 19 activations r 
and immersion into a I & x . l& /ml .nomimal 
population suspension. Also, tn the last phase of 
this experiment, no growth was observed hi arty of 
die test units after their void area was pressure filled, 
from their male luer with sterile SCDB media. 
Conclusions: ' 

• experimental contamination of the Gave™ 
Connector With PseudomnnAi acrupnota at its 
female luer was undertaken with repeated 



Materials and Method* 

The following ?maieriab were used in 
this contamination saidy of the .Clave™ 
Connector: Sterile ten systems {Figures I and. 2) 
including. Sterile Gave™ Qameaon :(ICU 
Medical, Inc^ San Oememe. CA), sterile female 
to .female hiers, and sterile lOcc syringes (Becton 
Dickinson* East Rutherford. NJ); class 100 
laminar How hood, culture loops, sterile swab** 
58 x 138mm sterile serewcap jars, incuoaton (30- 
35° C and 20.25° Q, a Vortex mixer, sterile 18 
gauge needles, sterile gloves, alcohol wipes, 
sterile Pipets, 3O0QmT Aspirator botries, sterile 
deahroom garments, dassroom 100 deanrooav 
Bunion Burner, sterile Phosphate btmered 
water, water badi. Biological cabinet, and a 
centrifuge.- * 

The following sterile Nutrient Mafia 
was used in this study: 1) Soybean Casein 
Digest Broth (SCDB), steam steriKzed at 121° C. 
post sterilization pH 73 ± 0L2 @ 25° C 
asepticafly Bled into sterile 10cc syringes, 3} 
Soybean Casein Digest Agar (SCDA), steam 
sterilized at 121° C; ; poststeririzaaon pHTJ ± 
02 25° C, poured into 150 x 15mm Petri dishes. 
The challenge nucrooxganum used in thk study 
vas Escudommiat .^1^^, ATCC ?15442 
(Culti- loop*), titered to nominal populations of 
Wx 10* spores/ml and 1,0 x lO 3 spores/ml. 



for 72 hours and observed for signs of bacterial 
growth to verify the sterility of the units prior 
to use. A sterile 15ml tube of SCDB was 
preheated to 45° C in a waterbath, and a CuloV 
Loop* package was opened in a biological 
cabinet with the ;loop placed into preheated 
media until gelatin was rehydraud into the 
:medsa. Four ImJ aliquots =of suspension were 
transferred to separate 15 x 150mm SCDA Pepi 
dishes and hxt&ited for 24-48 >hours. ^Ahet 
incubation, die ceDs were harvested »fo>m 5 to b 
isolates and; jilaced into separate Centrifuge tubes, 
each placed into a centrifuge and run as a 
m in imum of 1000 rpm for 15 niitxutes. Debris 
was aseprically removed using a sterile pipette 
aw! this process was repeated afl debris was 
removed. Semi dilutions were performed ;to 
enumerajtjjuspensfons and test suspensions were 
prepared at nomuvi] populations of 1.0.x 10 Vml 
and L0 x It? /ml The final -population of 
suspensions was verified prior to use. 



'Preparation 

In a Class 100 LAF hood located 
within a dasi 100 deanroom, 1920 ^dividual 
syringes were 'asepoeaily filled with 10ml of the 
sterile SCDB from 3000ml aspirator bottles. 
The stainless steel luer adapters of the aspiration 
tubes were flame sterilized between each syringe 
fill The syringes were incubated at 30-35° :C 



Sterile Test Sy sit em 
Figure I 
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• Syringe luer Adapter (Connector Syringe 



Figure 2 
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Syringe loer Adapter Connector 



Decontamination Evaluation 

The test arxxdes were labeled as 
follows: Cbre 1 * 4 Test group (20 ea} - ai-BlQ. 
Gave™ Test group positive control (2 ea.) - 
$21 & R22. Clave™ Test group, negative control 
(2 ea.) - B23 <8c B24, and Clave™ Population 
verification samples (3 ea} - PVlrPV3. The 
sterile test systems were TemovenSind attached to 
Cbve™ Connectors; then the septum wf each 
Cbve™ 'Connector was swabbed with separate 
swabs impregnated wnh a nominal population 
1.0 x 1Q J /ml suspension of 
? gro P r T^ a - and allowed to dry .at 
temperature. Fopowing .Standard hospital 
procedures, repeated Use simulation was begun 
;by decontaminating each :$bve™ Connector 
using alcohol prep pads (saturated with 70% 
iisopropyl alcohol), and fully enga^ng each unit 
with separate 10 ml SCDB filled syringes. Each 
contaminated port of entry was swabbed only 
one time with only one prep pad. 'Media was 
pushed through the connectors and collected at 
the distal IV luer using separate sterile lOcc 
syringes. Sterile female luer connectors were 
Used to connect the male luer <o : f each Chvei* 
Connector to these sterile syringes. The syringes 
were capped and landed, and incubated at 30r35° 
C for seven days. The test units were 
decontaminated and engaged for a *otal of 20 
replicate use simulations per unit, and cultured 
after each product engagement. The negative 
control samples were processed as :cest units 
omitting the challenge -organism swab 
procedure, the positive control samples were 
processed as test units omitting standard hospital 
decontamination procedures. Following 
incubarioru all test cultures were observed 'for 
risible turbidity and results were recorded as {+) 
or 9 for bacterial growth. All positive growth 
was Subcultured and presumptively identified to 
confirm the presence -of challenge 
-microorganism. Population verification was 
performed on units idenufied as PVi - PV& 

CONRDENTTAL 
ATTORNEYS EYES ONLY 

UNO)] 

ICU-OH4883 



ICU v. Alaiis, GA 04-0689 AHS(VBKx) - ATTORNEYS' EYES ONLY 



ICU-A 088283 



Table I 
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il/n Challenge 

The test imdes were labeled as 
folio* $; Gave™ Cpnneaors (20 ea.) - -D1tE>20 
. group. Gave™ Connector positive controls =12 
ea.) - -D2I fiC D22 group, antf Clave 11 * 
Connector negative controls (2 ex) -D23 & 
D24 group. Sterile test systems were attached to 
Clave?* Connectors. The Clave™ Connectors 
were decontaminated and engaged with 10cc 
SC3DB filled syringes, and the test systems were 
primed. The syringes remained connected to the 
-Clave™ for 72 hours. -Following the initial 72 
hour engagement period, >the. syringes were 
removed after flushing, and the media was 
collected at the distal Luer using a separate sterile 
10cc syringe. Nineteen additional .short term 
.engagements were performed, each preceded by 
decontamination procedures, and systems were 
flushed with each engagement. 'Following the 20 
decontamination/engagements o/ each unit, the 
Clave™ units were immersed for :90 seconds in a 

nominal IX) x 10* /ml culture of ;£sjaidfimfln3i 
aeruginosa , and allowed to .dry at room 
temperature. The test systems were then 
decontaminated -and incubated lor 24 hours at 
30-35° C Following incubation, media inside 
the systems was aseptically transferred to 
separate lOQml SCDB jars and incubated for an 
additional 7 days at 30-35° C A separate SCDB 
filled syringe Was asepticaliy connected to each 
test system (see Figure 2). The Clave™ was 
pressurized from the distal SCDB 'filled syringe 
with sufficient pressure to fill the void between 
the silicone boot and spike conduit with media. 
The syringe barrel was immobilized using a 
flame sterilized 18 igauge •* 2 1/2 hypodermic 
needle as a cotter pin. The sy stem was incubated 
with SCDB filled void for 7 days at 30-35°C 
The ;aegative controls were processed as test 
samples. Omitting immersion "in challenge 
.microorganism. The positive controls were 
processed as test samples after the reseal waj 
enlarged with 1* gauge needles =and observations 
of droplet formations due to exerted pressure 
were noted on raw data sheets. Following 



incubation, results were recorded as (+) or (■} 
and all bacterial growth was presumptively 
identified to confirm the presence of challenge • 
microorganism. 

Results: 

In (the .first experiment (Table 1), all 
positive controls were culture positive within 
72 hours of mcubation. AH test units of Gave 1 * 1 
Connectors were culture negative after 7 days of 
incubation including the negative controls. The 
,20 ^inoculated and decontaminated Clave 7 * 4 
Connectors were cultured after each subsequent 
activation (up to 20 activations) and no 
Ptwrfortionas agrayino« growth was observed. 

In the second experiment. Parts A and 
B, and all positive controls were culture positive 
within 72 hours of incubation, and all negative 
controls were culture negative, after 7 days of 
incubation. In Part A {Table D)> : no positive 
oilmre of Pseud omonas aeruginosa was observed 
in any of the 20 Gave™ Connectors after a 72 
hour engagement period, /followed by 19 
additional activations. In Part B (Table HQ, 
these 20 Gave™ Connectors were asepxicall/ 
conheoed at the male luer via a sterile female to 
female 'connector to a separate sterile SCDB 
filled syringe (Figure 2). Sufficient pressure was 
exerted to fill the void between the. silicone boot 
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and spike conduit to ensure that the SCDB 
completely filled the void area. •Enough pressure • 
was exerted such that SCDB droplet formation* 
were observed on 7 of the 20 Qave^* 
Connectors. Each syringe barrel -was then 
immobilized. No Pscudomorm arrugniQa 
growth was observed in any of the SCDB 
cultures taken from the male end of each 
Clave™ Connector alter a 7 day mcubation 
period. 

Conclusions: 

These experiments were designed to 
test the integrity of a closed system, one-unit, 
needleless device, the Clave™ Connector, by 
' ch a llen ging -this device wuH • Pscud omQfras, 
aprtipnott- In the first experiment, effective 
decontamination of the female luer was 
demonstrated when the inoculated Gave™ 
Connectors were -swabbed with 70% isopropyl 
alcohol and no .positive cultures were observed 
after repeated activations. 

In the second experiment. 20 
additional test systems of Gave™ Connectors 
were activated for a 72 -hour period, followed by 
19 additional activations. Then, the prefilled 
media syringes were ; removed and the Gave™ 
Connectors were immersed into a 1.0 x t0* /ml 
nominal population suspension of the 
Pseudomnnas aeruginosa. No growth of 
PYfiudomohaa acruginon was observed in any of 
the Gave™ ^Connectors ^tested. This 
demonstrates that the Gave™ Connector is able * 
to maintain its sterile barrier following 
prolonged and multiple activations. In Part B of 
this experiment, the same Gave™ Connectors 
were pressure filled with SCDB from their male 
luer end and incubated for 7. days. No growth 
:of PsCTidoiqpnas , aeruginosa was observed. after 
this 7 day incubation period. This; demonstrates 
tkit : tbg px^idomortM aenrpnota was not able to 
ingress into the void area [between the silicone 
boot and die spike conduit. 

. These experiments reveal that the 
Gave™ Connector is an effective, one-unit, 
dosed system, IV device that :resisis microbial 
growth at rits female . luer end. Effective 
decontamination of Gave™ Connectors was 
achieved in 100% of the devices tested and no 
PietidombnM a nmp n oca was isolated from any 
Clave™ Connector after its internal integrity 
was challenged for microbial growth. • 
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Contamination and Decontamination Study 
for the IVAC® SmartSite™ Needleless 
System 



Wayne J. Rogers, Principal Investigator 

Material Safety, Sterility Assurance and Environmental 

Affairs 

Eleanor L. Fitzgerald, RN, BSN 
Senior Clinical Study Specialist 
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Overview 

A srudy was conducted to demonstrate the capability of the SmartSite capless valve to 
resist bacterial oontarninarion through the valve after repeated inoculations with 
Staphylococcus aureus. The ability to effectively deeomaininate the valve with 70% 
isopropyi alcohol was also tested. 

As reported by the ECU Health Devices publicauon on needlestidc prevention, 
needleless devices are designed to reduce aeedlesndc injuries and subsequent exposure to 
infected -blood by decreasing the use of needles for IV arimiiustraooiL The SmartSite 
needleless system'* unique valve design is intended to resist bacterial contamination 
through the valve by mamfammq & closed system when not activated. The SmartSite 
needleless valve is activaied with any standard luer lock.or hier slip syringe, secoridary 
rv set or other IV products. Tne valve opens when a luer end is mseruniinto the valve 
port and reseais when removed, thus preventing fluid .flow after admuuscrarion is 
complete. 



SmartSite Necdlelcss System Valve 

Procedure. 

To validate the capability of this needleless valve to resist bacterial contaminanbn of an 
\ V adniMstranon set and to be effectively df^^ar ri*" £fliflpgr Laboratories of 
California, tnc^ Carson, CA, conducted an independent in vitro laboratory study. As 
required by the United /States Pharmacopoeia (USP) forsterifiry testu^ 
20 SmanSUie varves were tested 

pathogenic S auraH during the 96 hour test period Tbispathogenwas selected as 
representative of a worst case skin m nfamm ant ^d a prevalent nosocomial Infective 
. Each of ifce four mooilations averaged 11 9 colony forming units (cfu) per 
device, with cumulative counts ;overthe test period averaging 125 cfu. The moculum 
levels reflect me :6l aureus levels found onme human skin. 

To simulate the flmi^] .environment, bohas. injections were adnmnstered through the 
valve port once every 4 hours for 96 hours. Injections wereperformed using a 5 ml 
Garpuject^ Luer Lock sterile cartridge. Prior to each rejection, me SmartSite varve pott 
was swabbed with sterile 70% isppropyl alcohol using commonly accep ted practices for 
ascpnc decortmmarion. Infusate was recovered and analysed for microbial 
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connrnimanon at 24, 48, 60, 72, and 96 hours. Negative and decontamination cont rols 
were tested to validate die effectiveness of me test method. 



Results 
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Conclusion 

The results of the study show that no contam ination was detected in die infusate for lie 
96 hour test period. This outcome demonstraesthatthe SmartSite needleless system, 
under the challenge of a s imula ted clinical e nvironm ent, was successfully decontaminated 
after repeated inoculations with S. aureus* Additionally, the study demonstrates the 
ability to resist hartprial .rnn t^T" jnarin n through the valve after repeated inoculations by 
maintaining a closed system when not activated. Although the contamination and 
decontamination passed 96 hours of testing, ; it ;is recommended -that all TV sets I be 
changed every 24 hours or per hospital iprotocoL 

Recommendations 

Use asepdc procedure and dectjntarmiiauon.technique as follows: 

• Hold the tower portion of the Y-sice and do uotctouea me top of the valve. 

'■• Decontaminate with sterile 70% isopropyl alcohol swabs prior to each valve pore 
actuation. 

• While holding the lo\v^ portion of the Y^site, swab thetdp of the vaive.poa with 
a. back and forth morion or in accordance with hospital protocol for effective 
decontammauon. 
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